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Infiltration Specifications—Velzy and Sprague. a 


Sand Filter Loadings—Furman etal. 
Cyanogenic Waste Characteristics—Renn 


Water Quality Criteria—ORSANCO 
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Make Plans to Aitend— 


28TH ANNUAL MEETING 
OF TRE =: 


FEDERATION OF 
SEWAGE AND INDUSTRIAL WASTES 
ASSOCIATIONS 


IN CONJUNCTION WIth 


NEW JERSEY SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATION 


AMBASSADOR HOTEL 
ATLANTIC City, New JERSEY 


October 10-13, 1955 
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SEWAGE AND INDUSTRIAL WASTES 


‘ACTIVATED SLUDGE 


| OVER 230 IN OPERATION | 


Activated Sludge ‘Pakage’ 
Plants Consistently 


Specified by 
Sanitary Engineers 


for 
® SMALL COMMUNITIES 


® TURNPIKE SERVICE 
FACILITIES 


@ INDUSTRIAL PLANTS 

© AIRPORTS 

HOSPITALS, SCHOOLS 
and OTHER INSTITUTIONS 


Activated Sludge ‘Pakage’ Plant installed for the Goodyear 
Tire & Rubber Company Plant, Topeka, Kansas. This 18° unit is 
designed to treat 125,000 gallons per doy. J. G. Turnbull, 
Consulting Engineer. 


Activated Sludge ‘Pakage’ Plants have a proven 21 
year record for producing sparkling clear effluent, 


Many semi-automatic features simplify operation 
and assure trouble-free performance under all con- 
ditions. ‘Pakage’ Plants can be operated by men 
with State Board of Health minimum classification, 


Aeration and clarification are accomplished in a 
single tank with positive sludge control that covers 
a wide range of sewage flows and strengths. 


‘Pakage’ Plants handle sewage flows of from 15,000 
to 500,000 gallons per day in single or multiple 
units, and may be safely located near dwellings, as 
the clear effluent produced is free of flies, foul 
odors and unsightly appearances. 


Specify Activated Sludge ‘Pak- 
age’ Plants for and 
trouble-free sewage disposal 
performance. Write to Depart- 
ment Hl, 


proven 


Activated Sludge ‘Pakage’ Plont at 

Contra Costa, Jr. College, Contra Costa, 

California. This 7° unit is designed te 

treat 15,000 gallons per doy. Roy €. 
Beni 


CHICAGO PUMP COMPANY 


SUBSIDIARY OF FOOD MACHINERY AND CHEMICAL CORPORATION 


SEWAGE EQUIPMENT DIVISION 


622 DIVERSEY PARKWAY ¢ 


CHICAGO 14, ILLINOIS 


Flush Kleen, Scru-Peller, Plunger 
Horisontal and Vertice! Non-Clogs 
Water Seal Pumping Units, Sempl. 


Swing Dittusers, Stationary Diffusers, 
Mechanical Aerators, Combination 
Aeretor Clarifi Cc ‘ 
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A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 
collection, a and disposal of sewage and industrial wastes, and the design, construction, operation and manage- 
ment of such works 
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SEWAGE AND INDUSTRIAL WASTES 


TAUNTON reports: Not a service call in 2’ years.” 


These two Builders Model CVS Chlorinizers have been in service at the 
Taunton, Mass. Sewage Treatment Plant (designed and engineered by Fay, 
Spoftord & Thorndike) since late 1949. Paul Manter, Chief Operator (shown 
in the photo) has nothing but praise for the Chlorinizers. During the past 2'4 
years, he reports there hasn’t been a call for service of any kind on these 
machines. Mr. Manter now expects the Chlorinizers will give two to three 
times more effective service life than originally estimated. 


This kind of performance explains why Builders Chlorinizers are gaining such 

wide acceptance for all types of chlorination assignments. Whatever control 

system you use... manual, program, semi-automatic, or flow-proportional 

. . .Chlorinizers will save you money and simplify your operating problems. 

Write for bulletins giving complete details on the four basic models of 
Builders Chlorinizers. Builders-Providence, Inc., 368 Harris Ave., 
Providence 1, R. |. 


BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, 


OEMS (ROM FOUNDRY © PROF ORTIONEERS, IHC OMEGA MACHINE CO, 


CONTROLS 
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Jerome H. Svore, Sec.-Treas 
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EB. Cart, Sec.-Treas 
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EAS 


SIMPLEX— 
ACCURATE 


VENTURI TUBES— For accurate measurement 
of sewage, sludge, trade wastes under a 
wide range of pressures. Flanged, bell or 
spigot ends in any size... any metal. 

Cleaning valves at main and throat keep 
piezometer openings clear. Special short 
tubes for insertion in existing lines. Type 
VE elliptical venturi with flat top and bot- 
tom for low-velocity flows. 


WRITE FOR BULLETIN NO. 003 


SQUEEZE CONTROLLER — Accurately regulates 
flow of sewage, sludge, trade wastes. Most 
accurate primary device, a Simplex venturi 
tube, has special throat section of flexible 
rubber—measures as it controls! 

If flow tends to change, motor-driven 
clamp adjusts throat . . . quickly returns 
flow to control point. Viscous flows contact 
no moving parts in self-scouring throat. 


WRITE FOR BROCHURE 


Reliable 


measuring and controlling 


equipment 


TYPE S$ PARABOLIC FLUME— Specially de- 
signed for measuring sewage and 
wastes with heavy solids —under low 
heads! Widely used as indicating 
device and with Type H Meter for 
recording and totalizing flow. 

Full 20 to | flow range with no spe- 
cial approach section. Simple to in- 
stall. In 6” to 36” standard pipe sizes 
with flanged, bell or spigot inlet. 


WRITE FOR BULLETIN NO. 800 


TYPE H METER 
Gives +2% accu- 
racy at any point 
over flow ranges 
up to 13 to |. In- 
dicates, records, totalizes. Used with 
venturi tubes, flumes, weirs for meas- 
uring sewage, sludge, trade wastes. 
Circular chart gradations evenly 
spaced for easy reading. Available for 
wall, panel or floor stand mounting. 


WRITE FOR BULLETIN NO. 401 


OTHER SIMPLEX PRODUCTS 


TYPE MO METER— Most ac- © Remote Transmission for Measurement and Control 


curate inferential type in- 


@ Chemical Feed Units 


strument. Measures within @ Tailor-Made Measurement and Control Equipment 


+2% over ranges up to 


20 to 1 using venturi tube, 
flow nozzle or orifice plate. 
Adaptable to measure- 


@ Flume Liners 


e Sewage Type Air Release Valves 


Write for Full Details! 


ment over a 3242 to | Simplex Valve & Meter Company 
range. Dept. SI-3, 7 E. Orange Street, Lancaster, Pa 
Fvenly spaced rectan- 
gular chart is easy to read. 
Wall, panel or floor stand 
mounting«for high or low 
head sewage, sludge. 
WRITE FOR BULLETIN NO. 500 


st 


‘SIMPLEX’ 


VALVE AWD METER COMPANY 
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Association 


Louisiana Conf. on Water 
Supply and Sewerage 


Arkansas Water and 
Sewage Conf. 
Kansas Sewage and 


Industrial astes Assn. 


Arizona Bewage and 
Water Works Assn. 


California Sewage and 
Industrial Wastes Assn. 


Montana Sewage and 
Industrial Wastes Assn. 


Virginia Industrial Wastes 


and Sewage Works Assn, 


New York Sewage and 
Industrial Wastes Assn. 


New England Sewage and 
Industrial Wastes Assn. 


Inatitute of Sewage 
Purification 


Ohio Sewage and 


Industrial Wastes Treatment Conf. 


Central States Sewage 


and Industrial Wastes Aasn. 


lowa Sewage Works 
Asan. 


Kentucky—Tennessee Industrial 
Wastes and Sewage Works Assn 
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Place 


Louisiana State Univ., 


Baton Rouge, La. 


University of Arkan 
sas, 
Fayetteville, Ark. 


Baker Hotel, 
Hutchinson, Kan. 


San Marcos Hotel, 
Chandler, Ariz 


Mission Inn, 
Riverside, Calif. 


Finlen Hotel, 
Butte, Mont. 


George Mason Hotel, 


Alexandria, Va. 


Hotel Ten Eyck, 
Albany, N. Y. 


Hotel Ten Eyck, 
Albany, N. 


Brighton, England 
Deshler-Hilton Hote! 
Columbus, Ohio 


Kahler Hotel, 
Rochester, Minn. 


Hotel Waukonsa 
Fort Dodge, Iowa 


Phoenix Hotel 
Lexington, Ky. 


MEMBER ASSOCIATION MEETINGS 


Time 


March 16-18, 1955 


March 21-23, 1955 


April 13-15, 1955 
April 14-16, 1955 
April 27-30, 1955 
April 28, 1955 

May 5-6, 1955 

June 13-14, 1955 
June 13-14, 1955 
June 13-17, 1955 
June 22-24, 1955 
June 22-24, 1955 


Sept. 7-9, 1955 


Sept. 12-14, 1955 


TWENTY-EIGHTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 

in conjunction with | 

New Jersey Sewage and Industrial Wastes Association 
Ambassador Hotel, Atlantic City, New Jersey 

October 10-13, 1955 
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YEOMANS 


SPIRAFLOW CLARIFIER 


for primary and final sedimentation 


ORIVE UNIT 
MANOR AK 
STOP Gares / / 
j 


in carefully checked operating installations give these results: 


45% removal of B.O.D.—65% Removal of Suspended Solids 
100% Removal of Settleable Solids 


Spiraflo is a circular sedimentation basin of radically different design which secures 


Complete, settleable solids removal—Influent 


introduced tangentially into annular 
race 


Sewage spirals slowly down, enters clarification compartment at bottom- 
Diffusion is slow, uniform 


Greater removal of finely divided particles 


Sewage moves upward through sludge 
blanket, increasing flocculation. 


Positive grease, scum oil removal—-Floatable material confined in the race; does not 
enter clarification compartment 


Reduced conatruction coste—straight wall design eliminates costly effluent troughs. 
Mechanical or hydraulic skimmers not necessary. 


Uniform velocity throughout tank——No short circuits or dead: arens. 
For detailed information contact your local Yeomans repre-entative listed in the yellow pages of 


your telephone book under “Pumps” or attach coupon to company letterhead and mail 
direct to factory 


YEOMANS BROTHERS COMPANY 
1999-7 Meo. Ruby Street, Melrose Park, Illinois 


Send, without obligation your Bulletin 6791 
data with partial list of installations 


on Spiratlow Claritiers 
explaining how Spiraflow operates and giving performance 


Name Tithe 
(Company 
Address 


City 
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The rhino lives in wooded, watery 
districts of Africa and Asia. Its temper 

is short, its eyesight dim but its scent 

ond hearing are very acute. Though heavy. 
it is extremely fleet of foot 

ft feeds mostly at night and its diet 

is largely vegetorian 


This cost iron main laid in 
Richmond in 1830 is still functioning 
after more than a century of service 


what have they 
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in common... 


THE RHINO 
AND CAST IRON PIPE...TOUGHNESS! 


The thick, tough hide of the rhinoceros makes it one of 


the hardest animals to bring down. Toughness is also a dominant feature 
of CAST IRON PIPE. It serves for centuries. 


TO DAY. ® © modernized cast iron pipe, centrifugally cast, 


is even tougher, stronger, more uniform. Where needed and specified, it is centrifugally 
lined with cement mortar to assure sustained carrying capacity throughout 
its long years of service. 


On its record, CAST IRON PIPE is the world’s most dependable carrier of water. 


Cast ron Pipe Research Association, Thos. F. Wolfe, Managing Director, 
122 Se. Michigan Avenue, Chicago 3 


R5a 
| AND HERE'S PROOF! tisted below are some of the many 
COMPANY CITY OF LYNCHBURG WATER 
Colombia, Ponnsywanin | York, Now York Wheeling, West Virginie 
OF WATER Commissioners OF PUBLIC WORKS, BUREAU OF WILMINGTON WATER DEPT 
OF FREDERICK WATER OF WATER, DEPT. OF PUBLIC WATER 
SERVICE COMMISSION POTTSVILLE WATER COMPANY DEPARTMENT 
: BUREAU OF THE BUREAU OF WATER YORK WATER COMPANY 
| 
The @-Check stencilied on pipe the Registered 
Service Mart of the Cast won Pipe Research 
4 e FOR MODERN WATER WORKS OPERATION 
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Just as no two sets of finger prints are ever alike, so, too, 
are all sewage and waste treatment problems different. 
Velocities, head loss, capacities, site conditions, tank or 
chamber hydraulic conditions, and many other factors vary 
from plant to plant. That is why we at Chain Belt have 
no standard answer to a treatment problem. We study each 
Rex Mechanically application carefully, and from our broad background of 
Cleaned Bar Screens experience recommend the type and size of equipment you 
end Triturators need for most efficient, economical results. From 
the broad range of Chain Belt Sewage and Waste 
Treatment Equipment, we select the exact units that 
can be best adapted to your particular conditions. 


So, don’t just specify equipment. Ask your nearest 
Rex Sanitation Engineer to work with you to 
assure the results you want, or write direct to 
Chain Belt Company, 4606 W. Greenfield Avenue, 
Milwaukee 1, Wisconsin. 


Rex Roto-Skim Revolving Pipe 
Skimmers 
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@ Conkey Sludge Filters now in use range in siz 

from one filter with auxiliary equipment mounted 

on a single base (36 square feet of filtering area), 

to an installation of 66 Rotary Drum Vacuum Filters 

(38,000 square feet of filtering area), which is the largest 

rotary type installation ever made for handling sludge. 
Municipal and Consulting Engineers have 

accepted Conkey Sludge Filters as standard 

dewatering equipment due to their adaptability to 

successfully dewater many types of sludge and waste. < 
If you have a sludge or waste disposal problem, 

write our nearest office and a Conkey Engineer 

will be happy to work with you 


Small Conkey Sludge Fiiter 
ond auxiliaries mounted on 
ommon base 


IDGE & IRON COMPANY 


HAM, CHICAGO, SALT LAKE CITY and GREENVILLE, PA. 


Atlanta + Birmingham + Boston * Chicago * Cluveland + Detroit + Houston 
Los Angeles * NewYork Philadelphia © Pittsburgh Sal Loke City 
San Francisco * Seattle + Tulsa * Washington 
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Make use of the Unique Advantages of 
WELSBACH OZONE in Solving Them 


The disposal of industrial wastes containing 

cyanide compounds is always a problem—be- 

cause they are difficult to treat and must be 
reduced to very low limits. 

That's why you should investigate the poten- 
tial of Welsbach Ozone in solving these problems. 
Its efficiency, its economy and above all, its 
dependability provide an immediate answer. 
Investigations in the field, as well as laboratory 
research show that Welsbach Ozone is the 
ideal solution. 

JUST CONSIDER THESE ADVANTAGES: 

1. Cyanides are readily oxidized by ozone to 
products of negligible toxicity. 

2. Overdoses of ozone can nor result in toxic 
residuals in the treated waste. Therefore, 
close technical control over dosage is unnec- 
essary and regular maintenance employees 
can operate the waste treatment plant. 

3. Since ozone adds nothing but oxygen to the 
reaction, re-use or re-cycling of waste waters 


are often possible, resulting in substantial 
savings in volume of water used and in 
waste treatment cost. 


4. A Welsbach Ozone plant can be operated on 
a batch or a continuous basis and can be 
made fully automatic. Ozonators and treat- 
ment vessels require very little space. 


5. Welsbach Ozone is generated where it is 
used. No procurement problems. No freight, 
storage or materials handling expense. 


6. Maintenance costs are negligible. And since 
the only raw materials needed are electricity 
and air or oxygen, operating costs are con- 
stant and predictable. 

... but, most of all Welsbach Ozone is economi- 

cal, convenient and dependable, Write today for 

information and, if you wish, indicate the nature 
of your problem. The Welsbach Corporation, 

Ozone Processes Division, 1500 Walnut Street, 

Philadelphia 2, Pa. 


Investigate WwW AC 
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LOW COST « DEPENDABLE 


— 

CY INx\\))2 be 

Le 


SEWAGE AND INDUSTRIAL WASTES 


made from the only TIME-TESTED MATERIAL 


When considering air diffusers, these facts 
are worth keeping in mind: Of the many aera- 
tion materials tried since the 
discovery of the activated sludge process (in 
1915), only one has stood the test of time 
Only porous ceramic diffusers have been used 
with continued success. And more installa- 
tions have been made with ALOXITE aluminum 


methods and 


oxide diffusers than all makes combined. Hun- 
dreds are still operating — many after over 
20 years’ service 

The inherent advantages of ALOXITE dif- 
are: (1) A highly uniform grain 
structure. This assures uniform, small-bubble 


fusers 


diffusion, and, consequently, optimum absorp- 


tion. (2) A smooth, low-resistance surface 


The glass-like ceramic bond that coats each 
grain minimizes pressure loss or clogging. (3) 
Permanent resistance to corrosion. (4) Adapt- 
ability to practically all cleaning methods. 
(5) Great strength and ruggedness. 

ALOXITE diffusers are available in plate or 
tube form, and in a full variety of grades. 
This permits maximum flexibility of design. 
It also lets you select the exact grade for opti- 
mum diffusion, (consistent with air supply 
quality, pressure loss characteristics, and over- 
all life). This is particularly 
important since the intro- 
duction of the oxygen ab- 
sorption test. 


Write for free 56-page booklet. 


CARBORUNDUM 


Registered Trade Mark 


Dept. N-35, Refractories Div. 


The Carborundum Co., Perth Amboy, N. J. 
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SEWAGE AND INDUSTRIAL WASTES 


There's no substitute for 
CONCRETE and STEEL! 


LOCK JOINT 
combines 
these maierials 
to make 
the ideal pipe! 


Placing outside form, prior te pouring 
concrete, around steel reinforcing cage 
of Lack Joint Reinforced Concrete Prea 


wre 


Concrzrt, with its proven qualities of __ reinforcing steel. Both materials are 
durability, non-corrosion, resistance to —_ carefully calculated to meet your pressure 
electrolytic action, and high compression —_ needs with a wide factor of safety. The 
strength is combined, by Lock Joint, Lock Joint Pipe Company's Rubber 
with steel’s toughness, resilience and high and Steel Joint is extremely watertight 
tensile strength to make a pipe that and, at the same time, flexible. 
retains the best qualities of both— 
non tuberculance, high structural strength For superior strength, carrying 
and long life with little or no —_ characteristics and trouble-free operation, 
maintenance. Dense concrete affords let Lock Joint supply your pipe needs 
complete protection for the quality in sizes 16” and larger. 


LOCK JOINT PIPE COMPANY 


Eatabliahed 1905 
P. O. Box 269, East Orange, N. J. 
PRESSURE PIPE PLANTS: Wharton, N. J., Turner, Kan, 
Detroit, Mich., Columbia, 8. C 
SEWER & CULVERT PIPE PLANTS 
Casper, Wyo. « Cheyenne, Wyo. + Denver, Col. «+ Kansas City, Mo 
Kennett Square, Pa. Vailey Park, Mo. Chicago, Ill, + Rock 
Island, Di. + Wichita, Kan. + Kenilworth, ? . « Hartford, 
Conn, + North Haven, Conn, + Tucumcari, N. Me + Oklahoma 
City, Okla. + Tulsa, Okla. «+ Beloit, Wis. - ) Rey, P. RB. 
Ponce, P. BR. + Caracas, Venezuela + Wholly Owned Subsidiary, 
Great Lakes Pipe Co., Plants: Buffalo, N.Y. « W. Henrietta, N.Y. 
SCOPE OF SERVICES—Lock Joint Pipe Company specializes in the manufacture and in- 
stallation of Reinforced Concrete Pressure Pipe for Water Supply and Distribution Maine 
16” in diameter or larger, as well aa Concrete Pipes of all types for Sanitary Sewers, Storm 
Drains, Culverts and Subaqueous Lines, 
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SEWAGE AND INDUSTRIAL WASTES 


Fast installation, dependable 
trouble-free operation and low 
maintenance costs explain why 
Chapman Standard Sluice Gates are 
specified everywhere. 
Interchangeable components 
make matchmarking or field alter- 
ation unnecessary, so installation 
is always quick and simple. 
Uniform construction, from de- 
signs that have been developed in 
over seventy-five years’ experience, 
means parts fit accurately and op- 
erate smoothly under the heaviest 


unbalanced loads. 


Maintenance is simple, too, be- 
cause repair or replacement parts, 
when and if needed, are made to 
the same uniform accuracy for 
perfect fit without extra work. 

Specify Chapman Standard Sluice 
Gates on your job. A wide range of 
catalogued sizes and designs, all 
with any type of control you want 
— manual, electrical, or hydraulic. 
Write now for Catalog No. 25. 


The Chapman Valve Manufacturing Company 
INDIAN ORCHARD, MASSACHUSETTS 
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SEWAGE AND INDUSTRIAL WASTES 03a 


That's the formula of success behind QC f 
Rectangular Port Valves! Because they have a port area 
at least equal to the pipe itself... turbulence and loss 
of head pressure are held to a minimum...even when 
handling heavy slurries and other viscous ladings. 


All QC f Cylindrical Lubricated Plug Valves... 

both those with rectangular and round port openings 

.. feature split-second, quarter-turn shut off that meets 
the rigid control requirements in the petroleum, 
natural gas, and processing industries. Maintenance 
is especially low because they are fitted with TEFLON* 
gaskets to prevent head leakage, and have no line 
seats exposed to fluid flow. 


| * ACT NOW TO KEEP DOWN VALVE MAINTENANCE COSTS! 
Representatives in 50 Principal Cities. Write for 


Descriptive Catalog 5-SI, acf Industries, Incorporated, 
Valve Division, 1501 E. Ferry Ave., Detroit 11, Mich 


In Sewage Treatment 


t 
| 
On Petroleum Applications 
2 
‘ 
if in Chemical Plants 
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SEWAGE AND INDUSTRIAL WASTES 


SCREENS: 


EASILY FABRICATED OF EVERDUR 
FOR EXTRA CORROSION RESISTANCE 


Fabricated of Everdur* Copper- Silicon 
Alloys, this sewage screen offers years of 
protection against corrosion at all stages 
of sewage treatment. Everdur alloys are 
the standard for equipment where high 
corrosion resistance must be incorporated 
into readily fabricated, lightweight struc- 
tures 

Everdur applications include gates, 
guides and bolts, valve and gate stems, 
weirs, float chambers, troughs, manhole 
steps and electrical conduit. These highly 
corrosion-resistant alloys are characterized 
by great strength and excellent working 
properties. Depending on which alloy is 
used, ig verdur may be worked hot or cold, 
welded, machined, forged or cast and is 
available in plates, sheets, rods, tubes, 


electrical conduit and casting ingots. 

If you would like detailed information 
for spec ific applications or designs, the 
services of our Technical Department are 
always available to you. Our Publication 
E-11 describes Everdur Alloys and applica- 
tions in detail. Write for it. The American 
Brass Company, Waterbury 20, Connecti- 
cut, In Canada: Anaconda American Brass 


Ltd., New Toronto, Ontario. 


EVERDUR 
ANACONDA’ 


COPPER-SILICON ALLOYS 


STRONG * WELDABLE * WORKABLE 
ORROSION RESISTANT 


: 
: 
> 
ye 
: 
; 
RES 
Bs 


SEWAGE AND INDUSTRIAL WASTES 


CLAY PIPE 


Sewers and Drains & 
New CHEVROLET 
Engineering Center 


More than seven miles of Vitrified Clay 
Pipe, in diameters up to 27-inch, have 
been installed in the drainage and sani- 
tary systems of Chevrolet's new $20 mil- 
lion Engineering Center near Detroit. 
Architectural and engineering work was 
handled by the Argonaut Realty Division 
of General Motors. Installation was un- 
der the supervision of Clay Langston of 
Bryant & Detweiler Co., general con- 
tnactors, and Charles McGee Jr., of Hol- 
loway & Thompson Construction Co. 


In the new Chevrolet Engineering Cen- 

ter, Clay Pipe drainage and sanitary 

lines have been combined with a pri- , _ CLAY PIPE 

vately owned sewage treatment plant to J FITTINGS 

create what might well be called “the 3 

industrial waste disposal system of the a SIMPLIFY 

future.” Clay Pipe is the company’s as- z INSTALLATION 
surance of trouble-free service, and the 

privately owned treatment plant is the - | You never have a 
community’s insurance that industry will q patchwork” of ma- 
continue to be a good neighbor. anni terials when you in- 


stall Vitrified Clay 
For industrial or other construction, P Pipe. This Hub, for 


where permanency is the watchword, example, permits 
drainage and sanitary lines must be connection of two 
down for “keeps.” 1 hat’s why Vitrified spigot ends. It’s only one of dozens 
Clay Pipe is the universal preference of of readily available fittings made 
engineers and contractors. They depend of the same never-wear-out Vitri- 
on it because it never wears out. fied Clay as the pipe itself, 


For permanent drainage lines and storm 
sewers-——to protect permanent construc. 
tion—always specify Vitrified Clay Pipe. 


It’s guaranteed for half a century! LL rift ed 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1520 18th St. N.W., Washington 6, D. C. 


311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 
703 Ninth & Hill Bldg., Los Angeles 15, Calif. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 
206 Connally Bldg., Atlanta 3, Ga. 
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SEWAGE AND INDUSTRIAL WASTES 


For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 

IRRIGATION WATER 


BAILEY 
OPEN CHANNEL METERS 
Offer These Advantages: 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

: jae 6. Chemical Feed Control 
7. Flow and Ratio Controls 


” Ask for Bulletin 62 


BAILEY METER COMPANY 
1066 IVANHOE ROAD «+ CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURE TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES + DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 


Win { 
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5 
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If your operations involve re- 
moval of solids from water, 
sewage or industrial waste — 
Link-Belt’s new Book 2587 is im- 
portant reading for you. It gives 
complete dimensions and specifica- 
tion data for four types of coarse 
screens for removing large solids . . . 
and three types of fine screens for 
small solids removal. To help deter- 
mine your exact need, there are tables 
indicating the proper size unit for 
various capacities. In addition, Book 
2587 contains over 30 photographs 
of screening installations and out- 
standing examples of Link-Belt sani- 
tary engineering. Send for your copy 
now. Clip the coupon at right and 
mail today. 


fer NEW 28-page guide to 
LINK-BELT SCREENING EQUIPMENT 


Trash Screens 


Tritor Screens 


Liquid Vibrating Screens 


Revolving Disc Screens 


SANITARY ENGINEERING EQUIPMENT 


LINK-BELT COMPANY 
307 N. Michigan Ave., Chicago 1, IIL. 
Please send a copy of New Book 2587 on Link-Belt Screening Equipment. 


Name 


Zone State__ 
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BEWAGE AND INDUSTRIAL WASTES 


COMPLETE LINE to Meet Your Exact Needs 


Including many Exclusive Developments 


Utilize our many years of experience in the develop t and sfact 


of 


municipal and industrial waste treat 


t equip #. Our staff of engineers is 
ready to cooperate with consulting and operating 


gi s in suggesting the 


process of treatment and type of equipment best suited to individual needs. 


Send for Manual 149—Modern Processes and Equipment for Sewage and Industrial Waste Treatment 


BIO-ACTIVATION—exclusive system combines 
best qualities of trickling filter and activated 
sludge. Bulletin 259B 


MECHANICALLY CLEANED SCREENS AND GRINDER 
—with intermittent automatic control. Design 
data in Technical Supplement MS. 


GRIT CHANNELS—exclusive Camp Chamber de- 
sign and Regulator permit easy and instant 
variation in velocity. Design data in Technical 
Supplement CR 


GRIT SETTLERS—with conveyor, elevator, and 
exclusive Hydrowash unit which removes grease 
and organic matter from grit. Bulletin 2498 


GREASE FLOTATION UNIT—removes grease and 
oils, produces simultaneous aeration and agita 
tion, and oxidizes objectionable odors. Bulletin 
260B 


SEWAGE AND SLUDGE PUMPE- hori- 
zontal and vertical pumps in wide range of 
sizes, capacities and heade—inciuding cutting 
tyoe crimary sludge pumps, enciosed impeller 
type sewage pumps, single vane impelier type 


sewage pumps and recirculation pumps. Send 
for Bulietine. 


SLUDGE COLLECTORS—for rectangular and cir- 
cular tanks... flight type and helicoid cross 
conveyors ... sludge valves. Bulletin 253B and 
Technical Supplement TV. 


AERATORS—downflow mechanical air diffusion 
type provides thorough and adjustable oxygena- 
tion and circulation of liquor. Bulletin 265A. 


JET AERATION—exclusive method produces an 
unprecedented rate of oxygen absorption. 
Bulletin 265A. 


ROTARY DISTRIBUTORS—reaction and positive 
drive types with exclusive trouble-free oil seal. 
Design data in Technical Supplement RD. 


DOWNFLO FLOCCULATION UNIT—for slow mixing 
and flocculation of chemicals in sewage treat- 
ment processes. Design data in Technical Supple- 
ment PF. 


Send for informative bulletins listed above. 


Inquiries on new installations or improvements 
of existing plants will receive prompt attention. 


AMERICAN. WELL Works 


Pumping. Sewoge Trectment, end 


110 Nerth Br / Woter Purificetion Equipment 
AURORA, ILLINOIS MESEARCH- - MANUIACTURING 
Mew Tort Cevetend Renee Sate Representatives the Wertd 


American EQUIPMENT 
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SEWAGE AND INDUSTRIAL WASTES 


alves for treatment plants 
assures you of 
efficient operation, 


PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 
strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 


required 


IOWA SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame 


For 45 years a reliable source for 
precision engineered products 


CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze 
as desired — aluminum gates avail- 
able for air service 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
AWWA. specifications but with 
lighter construction for lower 
pressures 


Whit Tovay fot durenipluve Nitinatine 


FLAP VALVES—aii 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
including bronze bolts, flap ring 
and seat ring when required 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float 
ing the tank. Close-grained cast 
iton body and lid; lead seat ring 
and lid ring. Cast iron grate in bot 
tom prevents foreign matter from 
entering tank 


1OWA SLUICE GATES—can be used 
in lines having both seating and unseat 
ing pressures. High strength cast iron 
bronze mounted, with solid bronze adjust 
able wedges. Can be equipped with cyl 
inder or motor unit for automatic 
operation 


lames B 


Oskaloosa, lowa 


Subsidiary of 
Clow @& Sons 


as 
Specify 
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for every job 4 
needed in years to come. 
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BEWAGE AND INDUSTRIAL WASTES 


for water: 


To remove turbidity, color 
and other impurities 


for sewage: 
For clarification . . . to floc out 


suspended colloids and solids— 


GENERAL CHEMICAL “ALUM” 


is preferred 


Here's why water experts and sewage 
experts alike agree on General Chemical 
Aluminum Sulfate. 


try 


For over 50 years, General Chemical “Alum” has had 
physical specifications of the water and sewage indus- 


4 reputation for meeting the most rigid chemical and 


In scores of cities throughout America, public 
works officials depend on its uniformity and quality 


And, they also depend upon General's coast-to-coast 


producing and distributing facilities to meet their day- 
to-day and emergency need 


General has an “alum” 
supply point near you, too. So, for your operations, 
Chemical “Alum 


specify the preferred aluminum sulfate— General 
GENERAL 


CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Offices; Albany «+ 

Bridgeport 


Atlanta Baltimore Birmingham 
Buffalo arlotte Chicage Cle 
Detroit Greer { + Howstor 
Los Angeles Minneapo 
Providence San Fr 


Boston 
veland Denver 
ksonville 
Philadels 
Seattle Bt 


phi 
Lou 
sin’ General Chemical Compar 


Alamazoo 
a + Pittsburgh 
Yakima (Wash) 
Inc., Milwaukee 
In Canada; The Nichols Chemical Company, Ltd. * Montreal * Torente * Vancouver 
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SEWAGE AND INDUSTRIAL WASTES 


—versatile 
new 2-in-1 
waste- water 
clarification 


SEOIFLOTOR 
amar 


“DISSOLVED-AIR FLOTATION" assures rapid removal 
of suspended material from waste waters. 

Here is new efficiency for removing contaminants such 

as oils, greases, light fibrous materials, etc. Based on the 
principle of “dissolved-air flotation” — and incorporating 
reliable chemical feed and operating control, the 
“SEDIFLOTOR” Clarifier is the answer to many waste problems 


GRAVITY-SETTLING CLARIFICATION is included. 
“SEDIFLOTOR” Clarifier design also provides the most 
modern type of gravity-settling equipment, so that both light 
and heavy materials are removed rapidly and effectively. 


Proved by exhaustive test, ‘‘SepirLoror’’ Clarifier offers marked 
advantages. The combination of flotation and gravity-settling 
results in extremely fast and efficient cleansing of waste waters 
from refineries, packing houses, paper mills, sewage plants 
(where large amounts of grease and oil are present), chemical 
and food plants and other similar sources 


It is readily adaptable for use with other equipment, and may 
be designed for literally any desired flow, with provisions 
for use of chemical agents, and continuous removal of floating 


scum and settleable solids. 
The one compony 
Quite automatic, the ‘‘SepirLoror”’ Clarifier operates with maximum offering engineered 


> equipment for all 
economy and requires only periodic attention. ne he 
waste processing — 

Waste Samples Invited coagulation, 


Our laboratory is equipped to test precipitation, 
suitable methods and proper size of 921 South Campbell Ave. ion exchange and 
equipment for your needs. Your in- Tucson, Arizona Srrregren Weatment 
quiry is invited and should include Field offices in principal cities in 

general description of your problem. North America or 
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SEWAGE AND INDUSTRIAL WASTES 


To keep pace with the 
ever increusing demand for 
PEKRUL GATES over half a 
a century, MORSE BROS. 
MACHINERY has just 
completed an extensive 


modernization program. The 
installation of many new 
machines and facilities, an 
increased engineering 

staff, and complete, new, 


custom re-tooling specifically 
for PEKRUL GATE production 
means... 


modern design and superior 
engineering service... 


even faster PEKRUL GATE 
deliveries to you... 


PEKRUL GATE DIVISION 


MO RS BROS. MACHINERY 
DENVER, COLORADO 
MANUFACTURERS OF PEKRUL GATES FOR 


Flood Control Sewage Disposal Rearing Ponds Recreation Pools 
Levees Reservoirs Irrigation Cooling Towers Pumping Plants 
Water Works Oil Refineries Steel Mills Dams Fish Hatcheries 
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SEWAGE AND INDUSTRIAL WASTES 


Why do Armco Sewers 
get the TOUGH JOBS? 


Have you ever wondered why Armco 
Corrugated Metal Sewers are so often 
called upon to solve problems involv- 
ing bad foundations, heavy loadings, 
joint separation, lining failing strue- 
tures, aerial sewers, and installation in 
watery trenches? And why they are 
so economical, too? 

One reason is that Armco Sewers 
have the advantage of corrugated 
metal design. They offer a combina- 
tion of ample strength, flexibility and 
light weight. Also, in pipe diameters 
up to 96 inches you can specify the 


material durability you need— galva- 


nized for normal sewer use, ASBESTOS- 
Bonpep Pipe for severe corrosion, 
or Pavep-Invert for erosion hazards. 

Installation goes fast with a small 
crew, holding down labor costs. With 
Standard Armco Sewer Pipe simple 
bolted coupling bands join 20-foot 
lengths; larger MULTI-PLATE Struc- 
tures are assembled by bolting to- 
gether pre-curved plates. Both types 
are supplied in a wide range of sizes. 
Write for more data. Armco Drainage 
& Metal Products, Inc., 4495 Curtis 
Street, Middletown, Ohio. Subsidiary 


of Armeo Steel Corporation. 


This 27” diameter Armco ASBESTOS- 
BONDED Sewer helped solve a bad 
foundation problem in Jefferson- 
ville, Indiana. 


PRMC 


Armco Sewer 
Structures 
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RECTANGULAR CLARIFIERS 

y suited for limited spaces or where siudge 
delivery is de ut one end of the tank. A travel 
skimmer carriage removes settied 


,ottom and scum from the top 


CIRCULAR CLARIFIERS 


Hardinge ilar Clarifiers are available in sizes 
if 200° diameter, eithe nter-column or beam 
supported for steel, concrete wood or tile tanks 


ludge scrapers remove settled solids rapidly 
through central underflow discharge 


HYDRO-CLASSIFIERS 
A large-volume classifier for rapid separation of 
coarse and fine suspended solids. Frequently used 
for by-product recovery from waste water 


AUTOMATIC BACKWASH FILTERS 


For high removal of non-settling or slow settling 
suspended un Self-cleaning sand bed, No 
shut-down necessary for backwashing. Traveling 


backwash mechanism 


NDUSTRIAL WASTES 


WATER, SEWAGE AND TRADE-WASTE 
TREATING EQUIPMENT 


FLOCCULATING UNITS 


Slowly rotating paddies on vertical shafts bring 
the small flocs into contact to form larger masses 
and hasten precipitation 


“AUTO-RAISE"” THICKENERS 


For removal of fine suspended solids from supply 
water, waste water and sewage. “Auto-Raise” 
mechanism prevents scraper breakage 


DIGESTERS 


Sludge scrapers and scum breaker arms prevent 
scum accumulation, insure uniform gas production 
Emit a dense digested sludge 


Write for Bulletin 35-D-16 


COMPANY, 


YORK. PENNSYLVANIA 


New York Tor vat Chicage Hibbin 


HARDINGE 


INCORPORATED 


Main Office and Works 


| Lake City San Franciece 
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SEWAGE AND INDUSTRIAL WASTES 


The new sewage disposal plant in Wyomissing Valley, from your oe 
Pennsylvania (Albright and Friel, Philadelphia, consult SEWAGE DISPOSAL PLANT 
ants), could have been designed for incineration. But it 
wasn't. Here’s why 

It was known that the sludge would be free from con 


taminants. By flash drying and selling this sludge, the WYOMISSING VALLEY 


plant could perform a service to the community and to 

itself. Dried sludge is rich in humus, is easy to handle 

and contains the elements found in good n+ Men? After PICKED CASH 
being dried, an excellent organic soil conditioner could be 

made available to the public at a reasonable price. At the 

same time, the expenses of incineration — ash handling 

and disposal, for example — would be avoided while the 

revenue from the sale of the dried sludge would help 

offset operating expense. 

Naturally Wyomissing Valley chose cash not ash. And, 
since the plant is located within a few hundred feet of a 
new apartment development a C-E high temperature 
deodorization system is incorporated in the design to 
guarantee odor-free operation 

Actual operation of this plant has confirmed the wisdom 
of the decision made in Wyomissing 

In communities where the character of the sludge makes 
it unsuitable for use as a soil conditioner, incineration may 
be the only answer. But, whether you plan to incinerate 
or dry, the C-E Raymond Flash Drying System can be 
designed to allow you to do either at will. Like the com 
munities listed at the right, you too can end your sludge 
disposal problems effectively and at less cost with the 
service-proved C-E Raymond System. For full informa 
tion, contact the C-E Raymond office nearest you. A C-E 
specialist will be glad to help you B-BIOA 


COMBUSTION ENGINEERING 


RAYMOND DIVISION 
1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Ave., New York 16, WM. Y. Western Office: 510 West Sixth $1., Los Angeles 14, Calif, 
ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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Digester and control building of the new Hobart plant completed in August, 1953 


Hobart, Indiana Builds for Modern Sewage Treatment 
WITH PFT “CONTROLLED DIGESTION” 


Designed for a population equivalent of 
12,000, Hobart’s impressive new activated 
sludge plant provides modern, effective 
treatment. A complete line of PFT equip 
ment is installed for up-to-date “controlled 
digestion!” 

A PFT Floating Cover is installed in the 
50’ digester (49,880 cu. ft. capacity) for 
simplicity of operation, positive scum sub 
mergence and safe utilization of gas. A PFT 
Cover Position Indicator with high and low 
level alarms shows the digester liquid level 
at a glance 

A PFT Supernatant Selector with Gauge, 
Sight Glass and Sampler unit provides for 


PFT $250 Digester Heater and Heat Exchanger 


CHARLOTTE 


automatic withdrawal of the best digester 
liquor available 

An effective part of Hobart’s “controlled 
digestion” is the PFT Heater & Heat Ex- 
changer (250,000 B.T.U. per hour). Fired 
by gas or oil, it cuts fuel costs by utilizing 
all sludge gas produced, switching to oil 
only when necessary to maintain optimum 
temperatures of 90° to 95°. 

PFT Gas Safety Equipment in the plant 
includes: 3” Waste Gas Burner; Flame 
Trap; Pressure Relief with Flame Trap; 
Flame Cell; Drip Taps; Gas Pressure 
Gauge. 

At Hobart, as in all its installations, PFT 
assisted consulting engineers by showing 
the adaptability of its equipment in meeting 
specific plant requirements. PFT checks the 
installation of its equipment and stands 
squarely behind its successful operation. 


Design of Consoer, Townsend 
plant by & Associates, Chicago 


woste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


424) Ravenswood Avenue 
Chicago 13, Illinois 


JACK COENVER 
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Journal of the Federation of Sewage and Industrial Wastes Associations 


Volume 27 March, 1955 Number 3 


Contents 
Sewage Works 
Infiltration Specifications and Tests. By Cuarces R. Verzy anv Josuvua M. Spracur a4 
Discussion by C, Gorvon GairHER ........ 254 


Recent Sewage Treatment Plant Costs in lowa. By Paut E. Morcan ano KE. Ronent 
SAUMANN 


Intermittent Sand Filters—Multiple Loadings. By Tuomas peS. Furman, Witson 1 
CALAWAY AND GeorGe R, GRANTHAM 261 

I. flect of Phosphorus on the Activated Sludge Process. By E. Greennerc, Gree 
HARD KLEIN AND Warren J. KAUPMAN 3 

Flow Measurement in Sewage Works. II. Principal Devices Used. By Water H. Brown 
AnD EF. Symons 283 

Industrial Wastes 

Biological Properties and Behaviors of Cyanogenic Wastes. Hy Cuartes E. Renn 297 
Discussion by Crarence Tarzwewt 

Dephenolizing of Wastes and Other Liquors by Centrifugal Countercurrent Solvent Ex 
traction ty Hersert R. Kaiser 


Stream Pollution 
\quatic Life Water Quality Criteria. By ORSANCO Aquatic Life Advisory Committee 321 
the Final Step in Sewage Treatment. By Kari IM nore 


The Operator’s Corner 


Snails in the Trickling Filter. By Grorce T. Loumever $37 
Automatic Valve for Sludge Line v 138 
Notes from a Plant Newsletter comets 439 
Pumps for an Expanding Sewage System 
Interesting Extracts from Operation Reports: Winnipeg, Man.; Cranston, R. 1.; Boise 
Public Relations for Municipal Personnel. By Warter L. Dunn 
In-Place Repair of Corroded Pipe ...... oa 350 
Tips and Quips .. , ‘ ‘ $51 
Editorial 
Secretary Wisely Leaves Federation Staff .. : 354 
Reviews and Abstracts ......... ; 355 
1955 Federation Year Book and Directory 
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a repair parts cost of Cal.-- 


On 


Typical Proof that 


ip 2 


That's right, the 3 Dorr Clarifiers at the 


% is LOW! aa Jonesboro, Arkansas Biofiltration plant have 
’ pr been in operation for 12 years... and the total re- 
tg ot pair parts cost has been only $3.55 per unit per year 
Ss Se Unusual? No it’s typical of reports received from 
large cities and small towns alike reports based on fac- 

tual records. And what’s more .. . it’s the kind of low main- 


tenance cost you can expect when you use Dorr Clarifiers. 
Repair costs are one of the primary factors upon which Clarifier 
excellence should be judged. Are you getting the best? 
We'd like to tell you how Dorr Clarifiers stack up on performance too 
Ask a Dorr-Oliver Engineer for the facts. 


12 YEAR REPAIR PARTS COST RECORD AT JONESBORO, ARKANSAS 


Repair Parts Cost Repairs as % of 


i f 
Number of] Size ond Type of! Veors o Total Per Unit Per Unit | Original Original 


Units Clarifiers Operation Cost Gas Pap 
2 35 ft. Type SU 
1 45 ft. Type SU 12 $127.55 $42.52 $3.55 174 0.145 
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12 years ot operation at 
é 
Maintenance Cost 
3 
ty - ; 
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Sewage Works 


INFILTRATION SPECIFICATIONS AND TESTS * 


By R. Veuzy anp Josnua M. Spraaue 


Respectively, Partner, Nussbaumer, Clarke & Velzy, Consulting Engineers, New York, N. Y., 


and Eastern Representative, 


The problem of limiting leakage of 
vround water and storm water into 
sanitary sewers has become more and 
more important with the increase of 
sewage treatment, and the mounting 
costs of treatment and pumping. With 
sewage treatment, separate sanitary 
sewers are being built instead of com- 
bined sewers. In sanitary sewers in- 
filtration is important, not only be- 
cause of the cost of treatment, but also 
because in the smaller sewer sizes in- 
filtration is a larger proportion of the 
total capacity and if excessive may re 
quire larger pipe diameters. 

The limiting of infiltration and the 
making of a good sewer joint has been a 
complex problem. There are so many 
conditions to be met and so many fac- 
tors involved that the answers are not 
found in effort, or 
within the experience of any one in- 
dividual 


a single research 


Some been 
produced 
various materials, and many engineers 


research has 


made, manufacturers have 
have described their experiences, all of 
which adds to the present knowledge ; 
but there is still need for improvement 
in materials and methods. There is 
also a need to determine the reasonable 
limits of infiltration, and procedures 
for testing sewers for infiltration. It 
is probably fair to say that a generally 
acceptable and completely satisfactory 
solution to this problem has not been 
found. 


* Presented at 27th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; Cincinnati, Ohio; Oct. 11-14, 1954. 


Clay Sewer Pipe Association, Avon-by-the-Sea, N. J. 


In this treatment of the subject an 
effort is made to gather some of the 
existing what has been 
done, to make an appraisal of the pres- 
ent status of the problem, and to sug- 
gest areas for further work. 

The question of infiltration is almost 
50 years old. Papers are to be found 
in the literature dating as far back 
as 1909 and 1913; after 1920, papers 
on the subject appear almost every 
year. 

Much information is contained in the 
papers published in the past, and it is 
obvious that authors have spent con 
siderable time and thought in gather- 
ing data 

As early as 1930 Older and Consoer 
(1) published results of their studies, 
which included questionnaire replies 
by 44 cities 
that 21 of these cities were using as- 
phaltic joints and 14 had specifications 
limiting infiltration. 

In 1946 the results (2) from send 
ing out 500 questionnaires were pub 
lished. More than one-third of the 
city engineers who replied indicated 
that infiltration was a serious problem ; 
in some cases it amounted to from 25 
to 50 per cent of the total flow. An 
interesting comment coming from this 
study was that an effective joint de- 
pends more on workmanship than ma 
terial. 


evidence on 


It is interesting to note 


The characteristics of a good joint 
in sewer pipe include watertightness, 
resistance to root penetration, resist 
ance to corrosion, a reasonable degree 


245 


| RS 
pes, 
4 
| 
Ag 
i 
1 
= 
#5 
5 
: 
| 
f 
| 
= 
4 
by 


246 


These 


have a bearing on the 


of flexibility, and durability 
characteristics 
amount of infiltration to be expected 
In fact, and quality of 
joints are related 


involves the 


infiltration 
S0 closely that con 


sideration of one other. 
It is obvious that a joint which leaks 
badly 


quality of the 


a poor joint regardless of the 


materials used, and a 
with high infiltration is a 
line with poor joints On the other 
joint is likely to 


other essential and desirable 


sewer line 
hand, a watertight 
have the 
characteristics 

that the 
subject under discussion includes con 


It s assumed, therefore, 


sideration of the features of 
well as the specific 
ion Of infiltration. 


various 
sewer 


jOlInts, as 


que 


Leakage of Storm Water 


While infiltration relates to leakage 
water into sewers, some at 
be given to the en- 
water 


of ground 
tention also must 


trance of storm This may oc- 
manhole 
or from the connection of 
to the 


Rawn (3 


ur through leaking covers 
roof drains 
sewer 

made on 
The 
tests indicate that with a depth of 1 


deseribed tests 


through manhole covers. 


lr oc 
leakage 


water on a cover the leakage 


may be from 20 to 70 ¢ p.m., depend 


holes 
Assuming that 1 mi. of 


ing on the number and size of 
n the cover 
area serves 600 
flow of 42 
that if s 


sewer were to 


wer in a residential 


persons with an average 


it apparent 


manholes along 1 mi. of 


be submerged in this manner, the rat: 


of flow of storm water from this sour 


might exceed by several times the av 


erage flow 


sanitary 
A few roof connections may also con 


tribute excessive flows. Assuming the 
1.200 sq 
ft. and a rainfall of 1 in. in an 


the tlow 


roof area of a house to he 
hour 
from one roof would be 750 
gal. at the rate of more than 12 g.p.m. 
Thus several houses connecting down- 
within 1 mi. of 


spouts to the sewer 
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length could contribute more than the 
average sanitary flow. 

Although the exclusion of storm wa- 
ter from 
viously 


the sanitary sewers is ob- 
important, it can be aeceom- 
plished by regulation and ordinance in 
the one case, and by attention to cover 
design in the other case. In this prob- 
lem there are no factors relating di 
rectly to the design of the sewer, or 
which must be provided for at the 
time of design and construction of the 
sewer 


Infiltration in Small Sewers 
is Important 


The limiting of infiltration on small 
sewers is important not only because 
of the cost and difficulty of 
but also 


repair, 
system the 
small sizes constitute by far the greater 
proportion of the total length. This 
may be illustrated by reference to the 
system recently 
Franklin Square 
County 


because in any 


designed for the 
district in Nassau 
Island), N. Y. This 
district has an area of approximately 
3,500 acres, has a population of 33,000, 
and a collection system of about 124 
mi. of sewer. Approximately 115 mi., 
or 93 per cent of this total length is 

diameter, and an additional 5 


(Long 


of 8-in 
per cent is of 10-in. and 12-in. diameter 
The maximum size is 24 in. in diameter. 

The comments in this paper relate 
ularly to the infiltration of 
water 


more parti 
vround into the sewers of 8-in. 
to 24-in. diameters, because in sizes of 
4O0-in. diameter and larger it is possible 
to repair joints from the inside. In 
these smaller sizes satisfactory results 
must be obtained in the process of 
laying the sewer, because repair can 
be made only by the expensive opera 
tion of re-excavation, and re-laying or 
otherwise correcting the faulty work. 

Particular attention should also be 
paid to the quality, installation, and 
protection of wye branches on sanitary 


sewers Reports from Miami, F la., in 


1927 (4) indicate that as much as 30 


* 
ay 
Bay. 
i 
4 
3 
4 
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to 40 per cent of an excessive infiltra- 
tion observed there was probably due 
to defective wye branches. 

Poorly laid house connections may 
be another source of infiltration. The 
importance of tight joints on these con- 
nections may be illustrated by refer- 
ence again to the Nassau County work. 
On this project the house connections 
the sewer to the curb are in- 
cluded in the sewer contracts. In the 
Franklin Square system the total 
length of these connections to the 
curbs is almost one-half the total 
length of the sewer. When the lines 
are completed from the curbs to the 
houses, the total length may be equal 
the total length of 
there is need for 
and inspection on 
including the por- 
tion placed by plumbers for property 
owners. 


from 


to or greater than 
the Thus 
good workmanship 
house connections, 


sewers, 


Need for Tight Joints and 
Infiltration Tests 


The rate of infiltration has been ex- 
pressed in a number of ways. Many 
of the expressions use the mile as the 
unit of length and the 24-hr. day as 
the unit of time. Some relate the rate 
to diameter of pipe or length of joint, 
but in the opinion of some engineers 
the diameter makes little difference in 
the amount of infiltration. There are 
so many factors affecting the rate, and 
test results have been so erratic, that 
it is diffieult to know how much to try 
to refine the measurements or the ex- 
for rate of infiltration. It 
appears reasonable that diameter and 


pressions 


total length of joint should have some 
effect on the infiltration. 
Thus, if other factors were the same, 


amount of 


including materials, workmanship, soil 
conditions, and ground-water elevation, 
with almost twice the 
length of joint as an 8-in. sewer, should 
show more leakage than the smaller 
The rate is usually related to 


a 15-in. sewer 


sewer 


pipe diameter 


INFILTRATION 


In all that has been written on in- 
filtration there are either statements 
or inferences that it is desirable to 
reduce to a minimum the rate or 
amount. A number of reasons have 
been given and supported by analysis 
or experience. 

One of these reasons is the added 
cost of pumping and treating the sew- 
age. Horne (5) discusses the question 
of the cost of infiltration. He states 
that the cost of pumping and treating 
sewage at Cranston, R. |., was 14.00 
per million gallons, which is in line 
with costs in other plants of moderate 
size. He continues that on this basis 
the infiltration at a rate of 
10,000 gal. per mile would be $50 per 
mile per year. Capitalizing at a 3 per 
cent interest rate, this represents an 
investment of $1,667. If tile pipe is 
used in 3-ft. lengths, this amounts to 
almost $1 per joint. The difference in 
cost between a good joint and a poor 
joint surely should not exceed $1 per 
joint. 

A comparison of infiltration with 
normal sanitary flow provides an 
other conception of the importance of 
limiting the rate. It will be assumed 
that the infiltration in an 8-in. sewer 
may be 10,000 gal. per mile per 24 hr. 
This is well within the limits of some 
specifications and the results obtained 
in some tests. It amounts to approxi 
mately 7 g.p.m. As indicated pre 
viously, 1 mi. of sewer in an area well 
developed with one family houses, may 
serve 600 with a flow of 42 
g.p.m. On this basis the infiltration 
would amount to about 16 per cent of 
the quantity of sanitary sewage. 

Another for insisting on a 
tight joint is to prevent root penetra 
tion 


cost of 


persons, 


reason 


One of the common problems of 


sewer maintenance is the removal of 
roots from the lines 

In this connection it may be pointed 
out that root penetration is more likely 
to occur in cases where the sewer is 
above ground water. In 


therefore, good joints are still desirable 


such cases, 
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even though infiltration is not a prob 
lem 

Not to be ignored is the possibility 
that 


infiltration or imperfect 


may result in washing of sand and silt 


joints 


into the sewer. If severe, this may 
result in settlement of the street sur 
face or clogging of the sewer. Niles 


6) has described how sand and silt 
gets into sewers from poor joints and 
causes trouble in also in 


tanks at 


and 


sludge 


sewers 


ettling tanks and 

treatment works 
These making 

tight sewer joints indicate the need for 


some 


various reasons for 


means of making sure that the 
The test 
after the 
method used to 
Inspection alone is not 
must be 


desired results are obtained. 
for infiltration or leakage 
laid, is the 
meet this need 


cwer 18 


enough It borne in mind 


that the 
quires certain skills on the part of the 
man in the 


making of most joints re- 


trench; the pipe layer is 
working under adverse conditions and 


work 18 


alter the 


partly invisible. <A_ test 


work ther fore 


the only way to determine results 


done is, 


lortunately, the leakage test is an 
indicator of the general character and 
finished 


whether 


quality of the Kirst 
through 


Joints meets an acceptable minimum 


sewer 
it shows infiltration 
If made after backfilling, it indicates 
reasonable flexibility in the joint. If 


& pressure test is used, it indicates 
atistactory adhesion of joint material 
to the pipe. Thus, if infiltration is 
atistactory, it is probable the sewer 
is aceeptabl 


The need to limit infiltration and to 


test the sewer when constructed em 
phasizes the point that the time to 
build a good sewer is when it is first 
installed. Poor work at this time can 
never be completely rectified. To re 


pair joints on a large sewer from the 


inside is expensive; on small sizes it is 


impossible In a few extreme cases 


sewers have been re-excavated and re 
rebuilt 


laid or otherwise 
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Specifications 


Engineers’ specifications usually in- 
clude two requirements intended to re- 
sult in 


rood 


sewer joints and a min- 
mum of infiltration. One requirement 
limits the type of joint material to be 
used on vitrified clay pipe, and the 
other limits the infiltration and pro 
vides for a test to prove compliance. 
past a 
used. 


In years mortar joint was 
It proved to be too 
rigid, was subject to cracking, and it 
was difficult to meet reasonable limits 
of infiltration with mortar. At pres 
ent some form of bituminous material 
is usually specified for vitrified clay 
pipe 

Of particular interest are the specifi- 
cations on allowable infiltration. and 


commonly 


the tests to measure leakage. On these 
points there appears to be a lack of uni 
formity 


and no generally accepted 


standards, To get an idea of present 
thought and practice, inquiries were 
number « 
The results 


ent to a and 


given in 


f engineers 


cities 
Table I 
It will be seen that in this group of 
specifications the limit for 8-in, pipe 
from 1,600 to 12,000 gal. per 
mile per 24 hr., and for 24-in, pipe 
from 4,000 to 36,000 gal. per mile per 


are 


varies 


“4 hr., with corresponding variations 
for the sizes between. It is of interest 
that by far the 


vreater number of spe cifications are in 


to note, however, 


cluded within the ranges of 3.500 to 
5,000 gal. for 8-in. pipe, 4,500 to 6,000 
gal. for 12-in. pipe, and 10,000 to 
12,000 gal. for 24-in. pipe. 


In the answers to the inquiries there 
were included extracts from specifica 


tions and 


which are 
engineer states that 
were found to be un 
satisfactory but there was good experi 


comments 
A city 


mortar joints 


some 


of interest 


ence with rubber joints. Several cities 
and consulting engineers indicate that 
they use hot-poured bituminous joint 
material require priming of 
One consulting engineer de- 

detail the and 


Some 
the pipe 


scribes in material 


A 
- 
<4 

ie 

| 
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TABLE I.—Infiltration Specifications 


Source Conditions 


Allowable Infiltration (gal 
| 


Per Inch 8-In 10-In 


j 
| 
| Diameter| Pipe Pipe 
| 


(a) ConsuLTING ENGINEERS 


Greeley & Hansen 


Metcalf & Eddy Average 


Any short section 


Havens and Emerson 

Townsend & Assoc 

Gannett Fleming Corddry & 
( ‘arpenter 

William A. Goff 

suck, Seifert and Jost 

Whitman, Requardt & Assoc 

O’Brien and Gere 

John Baffa 

Nussbaumer, Clarke & Velzy 


( ‘onsoer 


| Average? 


Average ground 
| Wet, perv. ground | 


5,000 
10,000 
6,000 
12,000 
6,000 
2,400 


| 5,000 
10.000 

500 | 4,000 
1,000 | 8,000 
500 | 4,000 | 
1,600 


5,000 
10,000 
12,000 
24,000 
12,000 
4,800 


1,000 
5,000 
7,000 
2,000 | 
1,400 | 
4,000 | 
500 | 4,000 


6,000 
7,500 
10,500 
3,000 
2,100 
6,000 
6,000 


12,000 
15,000 
21,000 

6,000 

2,450 
12,000 
12.000 


(b) Crrtes anp 


Miami, Fla 

Milwaukee, Wis 

Minneapolis, Minn 

Portland Ore 

Seattle, Wash 

Syracuse, N. Y 

Tampa, Fla 

Tulsa, Okla 

Propel Kans 

Stamford, Conn 

Allegheny County (Pa.) 
San. Auth. 

Washington (D. C.) Suburban 
San. Commission 

Nassau County (N. Y.) 


| 


12 gal. per foot of joint per 24 hr. 


8,000 | 10,000 | 

5,800 7,250 | 

3500 | 3,500 | 

5,100 | 6,350 

3,200 3,800 | 

1,600 | 2,000 | 
10,000 | 


1,000 12,000 
8,700 
3,500 | 
7,600 
4,400 | 
2,400 | 
10,000 


24,000 
17,400 

3,500 
15,200 
10,000 

1,800 
10,000 


2,000 15,000 


18,000 
160 1,300 


1,600 | 


46,000 


200 1,500 | 1,800 | 3,600 
| 5,000 
0.4%} 4,000 | 


6,000 
5,000 


7,000 | 
6,000 


12,000 
12,000 


* Short sections may be 100 per cent in excess 


* Per 100 ft 


method of making various types of 
joints, including mortar, mastic bitumi- 
nous, hot-poured bituminous, die-cast 
or performed bituminous, and rubber 
Another engineer specifies 
what might be called a composite joint 
for vitrified clay pipe. The first step 
is the conventional jute and hot-poured 
bituminous joint. Outside of this at 
the end of the bell there is placed a 
fillet of mortar held in place by a 
cloth band. Some specifications place 
one limit on the sewer line or system, 


gaskets. 


and a higher limit on any single sec- 
tion such as the length between any 
two adjacent manholes. It is appar- 
ently customary to apply a leakage 
test to sewers in dry ground as well as 
when laid below ground water 
specifications 


Several 
provide an exfiltration 
(internal pressure) test when ground 
water is low or when it is not practical 
to test under external pressure. Sev 
eral replies emphasized the need for 
good workmanship and close inspection 

The Washington Suburban Sanitary 
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| mi./24 hr.) 

| 12-In 24-In 
E 

| | | 
10,000 
5,000 | 
5,000 
2,000 

5,000 

6,300 | nen 

8,800 | 

2 500 | 
| 5,000 
5,000 
| 
fa 

] 
gaat 

| 
a 
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Commission has a particularly inter- 
esting requirement in its specifications 


4S follows: 


Sefore any 
the trench, the 
to the Ex 


joints are actually made in 
Contractor shall demonstrate 
rineer, by 


pouring a sample 


joint, that the methods he will employ 
conform with the specifications and will 
secure a watertight joint, and that the 
workmen he intends to use in this work 


are familiar with the requirements. 


This provision calls attention to the 
requirement tight joints, shows 
that it done and how it will be 
done, and puts the contractor and the 
inspector on the alert to maintain good 
results 


for 
can be 


Tests and Measurements 


The measurements and tests of leak 
age in sewers show a range of results 
from almost perfect watertightness to 
more than one-half the capacity of the 


TABLE Il. 


(sround 
Cit | Year Conditi 

Boston, Ma 
Cant 
East Orange, N. J 
Westbor Mans 
Stamford, (Conn 1802 
New Bedf | la 
Ocean Cit N. J 1912 Wet sandy clay 
New York Cit N.Y 
New Orlear La | 
North Shore (Chicago), Ll! | 1916 
South Cha t V. Va | 1920 | Clay, sand, gra 
Urbana-Cha 1924 Gravel and sand 

1924 
Miami, Fla | 1926 
Altoona, Pa 1930" | 
‘alt Lake City, Utal | 1927 | 
ld | 1044* | 30% wet gro i 
net I) | wet groun 
er | 
Cie b wh, 
ton, KR. 1045? Low te 
te I 1945 Higt ate 
St In 1945 High g id wat 
Ww te I 1945 Low ¢ id wat 
Point Plea t, N.J 1048 
Lancast Pa 1050 

1050 
Lemoyne, Pa 1050 Mostly wet 
Tampa, Fla 1951 

1052 

105 

Stamford, Conn 1943 
West Elmira, N.Y 1953 
Ewing- Lawre N.J 1053 20% wet 
Portamouth, Va 1953 

1054 


' From reference (9 


? Prior to vear shown 
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sewer, or to 
infiltration. 
cluding 
troit, St. Louis, and Cincinnati, have 
placed no limit on infiltration and have 
made no tests 


a complete disregard of 
Several large cities, in- 


Soston, Buffalo, Chicago, De 


Their sewers built in 
the past have mostly been of the com- 
bined type, and infiltration was not a 
factor. 

Some 


given in 


results of measurements 
Table Il, which, of 


is far from complete 


are 
course, 
For example, 
the sizes are not given in all cases, and 
in some cases a range of sizes is given 
with no indication of the proportion of 
each Where long lengths are 
given it is possible that not the entire 
length was tested. There is little in 
formation on the nature of the soil or 
the proportion of the sewer in 
ground 


81Ze, 


wet 
There is nothing on the head 
of ground water on the sewer and noth- 
ing on the methods of testing. 


With 


reservations for lack of data 


Infiltration Measurements 


Joint | we! lea 


| I Leakage 
ine engtl a 
” in gal./mi./24 hr.) 
to 40,000 
26.500 
8 to 24 25, 8,650 
15 | 0.37 1,320,300 
6to18 | 134 94,170 
12 | | 17,000 
Mortar ito 12 6.5 | 15,000 to 44,000 
R to 24 5 | 1.300.000 
45,900 
Mortar 6 0.2 24,200 
Mortar 8 to 18 2.60 34,600 
Mortar 10to18 | 044] 18,550 
Mortar 12 to 24 1.3 34,400 
Mortar | 16.3 | 1,200 to 7,025 
8to12 | 28 | =6,000 
Mortar | 49,700 
| 8 7% 
s 7% 
12 20% 
5.4 21% 
Bitu " 8 to 39 26.0 <5,500 
Ritu i 21 | 0.18 26,600 
Bitur i 8 to 24 +6 28,200 to 33,500 
M t Rt 18 75 10.000 to 16 Ww 
Hot r Sand 10} 1.8 6,000 
Rubbe usket | 16 and 18 0.57 8,200 to @,200 
Rubbe asket 18 ar i 1.32 9.200 to neg! 
Hot Rt 0 10,000 
6and8 2.5 1,590 
6 to 15 5.0 1,800 to 2,700 
6 to 12 7.1 | 6,400 to 6,700 
| 6 to 21 22 | 7,470 to 8,300 
Hot pour | 8tol2 1.0 200 
Hot pour 8 0.1 4,200 
Hot pour 6 to 15 3,100 
0.7 3,400 to 4,600 
ta 0.66 1,100 to 9,900 
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2 
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TABLE IIl.—Results of Recent Infiltration Tests on Vitrified Clay Sewers Built in Wet Ground 


| Test 
City or District | Length 
(ft.) 
Stam ford, Conn. 5,300 ft. 
West Elmira, N. ¥ 525 ft. 
Ewing-Lawrence (N. J.) Sew. 

Auth. 47+ mi.’ 
Long Beach Township, N. J 17+ mi. 
Point Pleasant, N. J 9,600 ft. 
Port Washington, N. Y 0.5+ mi. 


' Total of three sizes. 

? With dry oakum gaskets. 
$42 mi. 8-in., 5 mi. 10-in., 

‘90 per cent in wet ground 


| Infiltration 
Ground | (gal./mi./24 hr.) 
Joint Type 
(ft.) 8-In 10-In. | 12-In 
| Diam. | Diam Diam 
| 4 Hot-poured bit. 45| 370 280 
5 Hot-poured | 3,140 
Hot-poured bit. | 3,100) 3,900) 4,630 
Hot-poured bit.* | 3,750] 4,700 | 6,000 


Hot-poured bit.* | 5,000 7,050 | 
Pre-formed bit. 2,600 


| 


some of larger sizes 


’ More than 70 per cent in wet trenches in sand and black muck; trench bottoms stabilized 


with gravel where necessary 
Jute gaskets 


’ Salt-water marsh; tested with internal pressure 


* Pre-primed 


’ Trench dewatered with well points; test made after ground water had reached normal level 


on many factors, there are still some 
observations which can be made. The 
reports have been arranged chrono- 
logically by the year of construction 
and testing. It will be noted that sew- 
ers built 50 years ago show a much 
higher rate of infiltration than the 
more recently built sewers. In a 1913 
summary (9) of 39 reports, two showed 
rates of more than 1,000,000 gal. per 
mile per day; six were between 100,000 
and 1,000,000; seven between 50,000 
and 100,000; nineteen between 10,000 
and 50,000; and five under 10,000. In 
comparison, tests on sewers laid since 
about 1938 show rates largely within 
or better than the ranges of 3,500 to 
5,000 gal. per mile per day for 8-in., 
and up to 10,000 to 12,000 for 24-in. 
pipe. It appears that progress has 
been made in obtaining good joints and 
reducing infiltration. 

Table II also shows that in the earlier 
work mortar was used for joints, 
whereas on the later work the hot- 
poured bituminous joint was the pre- 
vailing type. 

Of particular interest is the informa- 
tion on tests obtained recently from 
six projects built in wet ground, De- 


tails of construction and testing were 
available. The pipe was vitrified clay 
in all cases. The results are shown in 
Table IIT. 

At Stamford, Conn., the test covered 
some 5,300 ft. of 8-, 10-, and 12-in. 
pipe with ground water approximately 
4 ft. over the top of the pipe when 
tests were made. Hot-poured bitumi- 
nous compound was used. 

The tests at West Elmira, N. Y., 
covered 525 ft. of 8-in. pipe tested by 
internal pressure of about 5 ft. of 
water. Joints were of hot-poured bi- 
tuminous compound with dry oakum 
gaskets. 

The Ewing-Lawrence, N. J., project 
included some 42 mi. of 8-in. sewer, 
5 mi. of 10-in. sewer, and some of 
larger diameter. About 90 per cent 
of the work was in wet ground. Hot- 
poured bituminous compound was used 
It was stated that infiltration was 44 
per cent of the allowable, which 
amounted to the quantities shown. 

Long Beach Township, N. J., lies on 
Long Beach Island. The sewer system 
includes more than 17 mi. of sewer and 
3 mi. of house connections. Over 70 
per cent of the sewers were in wet 
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t and some in 
Where necessary, trench 
stabilized with gravel 
of hot-poured bituminous 
compound with jute gaskets 


made 


renches sand 
black 


bottoms were 


some 
muck 


Joints were 
The tests 
after completion of the 


were 


contract 


At Point Pleasant, N. J., the test 
covered some 9,600 ft. of 8-and 10-in 
ewer laid in a salt-water marsh. Joints 


were pre-primed hot-poured bitumi 
The test was made 
internal pressure of 4 ft. of 
water on the upper end of the test 
ection Of the 34 tests 


showed leakage of less than 20 per cent 


nous compound 
under 
made, 


some 


of the allowable 


The sewer tested at Port Washing 
ton, N. Y., included more than one 
half mile of 8-in. pipe laid under 
ground water, with the trench dewa 


The test 
construction was completed 
water had 
The joints were of pre 


tered with well points was 
made after 
and the 


normal level 


ground reached 
formed bituminous compound 

These six examples are admittedly 
pecially selected and the results are 
better than They 


however evidence 


furnish, 
that 
satisfactory 


average 
eon iderable 
good 


with workmanship 


joints can be obtained 


Materials 


The material of the pipe is related 
to infiltration because of the type of 
joint adaptable to each kind of pipe 
The materials commonly used for sew 
ers are vitrified clay, concrete, and as 
Brick and 
block have been used in the past, but 


he stos cement 


segmental 
have fallen into disfavor because of cost 
and characteristics. Vitrified clay has 
the longest record of use, and is still an 
outstanding material for sizes up to 24 
diameter It 
now trom 


in in has competition 
asbestos cement and concrete 
reinforced 
monolithie 


pipe In the larger 


SIZCN 


eonerete pipe or conerete 
is usually 


Ashesto 


smooth surface and regularity of di 


u ed 


cement pipe, because of its 
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mensions can use a so-called mechani 
‘al joint; a recently developed joint 
includes a coupling fitted with rubber 
ring gaskets. It makes up easily, has 
some flexibility, and meets infiltration 
limits without difficulty. This joint is 
made and furnished by the manufac- 
turer of the pipe 

Reinforced conerete 


pipe has been 


laid with several different types of 
joints. Mortar was used in the early 
years, and bituminous joint material 


has been used to some extent. In late 
years the manufacturers of the pipe 
has been furnishing concrete pipe with 
forms of rubber gasket joints 

The major problem in obtaining good 
joints has been with vitrified clay pipe 
Because of the 
joint 


relative roughness of 
and variance of toler 
ance in dimension, the type of joint 
suitable for other pipe would not make 
a tight joint with tile. The problem 
with the tile has been of particular 
importance, also, because such a high 
proportion of the length of sewer in 
any system is of the 


surface 


sizes from 8 to 


24 in., for which vitrified tile is so 
commonly used. 
As a CONSCIOUSNESS developed for a 


limit 


joints, 


need to 


infiltration and obtain 
attention was drawn to 
the material used for and the methods 
of making a satisfactory sewer joint 
that which was 
originally used, had a number of weak- 
rigid, tended to 
shrink and crack, was not root-proof, 


It was found mortar, 


nesses; it was too 
and was subject to damage from water 
in the trench. In the search for more 
suitable material, the bituminous joint 
came into general use 

There are 


tuminous 


now many types of bi 
research on 
1947 (7), 
it was stated that tests were made on 
195T list (8) of 


includes 6 


joints In a 


joint material reported in 
45 compounds A 
ont sulfur 
7 hot-poured bituminous, and 8 


bituminous 


compounds 
cold materials for joints 
With all the effort on the part of manu 


facturers to produce a good compound 


j 
Woe 
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and the increasing pressure from en- 
gineers to get tight joints, there ap- 
pears to still be room for improve- 
ment. Seymour (8) states: ‘‘In spite 
of the many types of joint available 
and years of developmental work to 
ward the improvement of pipe joints, 
the perfect sewer pipe joint has yet 
to be invented.”’ 

Perhaps some pertinent considera 
tions and features can be found in 
past experience with sewer joints. The 
need for some flexibility in the fin 
ished joint has been demonstrated. 
Experience indicates that it is difficult 
to be sure of a high degree of skill in 
the trench. In general, it may be 
stated that it is possible to get good 
joints with many of the materials of- 
fered, but that without conscientious 
care and skill almost any material so 
far used may fail to give satisfactory 
results. It may be pointed out that 
eare and skill involve not only the 
manual skill and attitude of the work 
man, but also the control of features 
such as temperature of compound, 
moisture on the pipe, and working 
conditions 

The presence of these problems with 
hot-poured and cold plastic bituminous 
joints, suggests the use of a performed 
or mechanical joint. Some attempts 
have been made to furnish such a joint 
but little appears to be known regard 
ing the degree of tightness obtained 
with it 

It is suggested that a successful me 
chanical joint might be one which has 
only to be assembled in the trench, 
requires no special skill to assemble, 
and is so designed that when assembled 
it has the essentials of a good joint, 
including watertightness, flexibility 
resistance to corrosion, and resistance 
to roots. It is encouraging that effort 
is being made to produce such a joint, 
and there are probably several designs 
ready or almost ready to be offered 
[It is also encouraging that the manu- 
facturers of vitrified tile pipe are work- 
ing on the problem with the apparent 
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intent of furnishing the joint with the 
pipe. When pipe and joint material 
are furnished by different manufac- 
turers there is a divided responsibility 
which does not help in solving field 
problems, There is reason to believe 
that there will be favorable develop- 
ments in the near future. 


Summary 


This paper has reviewed some of the 
past experience with sewer joints and 
leakage, and has gathered some current 
thought on reasonable limits of infil- 
tration and how it can be attained 
It is suggested that some conclusions 
can be drawn as follows: 


1. Infiltration on sanitary sewers 
should be kept to a reasonable mini- 
mum and tight sewer joints made to 
avoid the cost of pumping and treating 
eXcess flows, to prevent root penetra 
tion, and to minimize other mainte 
nance problems and costs 

2. The problem of good joints is 
important, primarily in small sizes, be 
cause such a large proportion of the 
total length of any system is of small 
diameter, and because it is so difficult 
and expensive to correct faulty joints 
on small pipe 

3. Infiltration tests on sanitary sew- 
ers are necessary to obtain low infiltra 
tion rates and secure good sewer joints 

4. Tests and measurements of infil- 
tration show an improvement over the 
years and prove that it is possible, 
with rubber ring joints on concrete 
and asbestos cement pipe, and with 
hot-poured joints on vitrified tile, to 
obtain acceptable joints. 

5. The majority of present opinion 
appears to favor an infiltration limit 
represented by the range of 3,500 to 
5,000 gal. per mile per 24 hr. for 8-in 
pipe. 

6. Limited infiltration tight 
joints should be obtained in dry as 
well as wet ground. Measurement in 
dry ground may be by the internal 
pressure or exfiltration test, 
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7. It 
get a good 


emphasized that the time to 
sewer is at the time of in 
: stallation. This requires constant at 
tention to workmanship and inspection 
There are no short cuts to good sewer 

construction 
8. Of the many types of joint ma- 
‘ terial for vitrified tile, the hot-poured 
material appears to have the best rec 
ord, but none of those commonly used 


up to the present is perfect. 
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9. A mechanical joint which needs 
only to be assembled in the trench has 
much in its favor, and some of that 
type may soon be available. 
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interrelation between good sewer joints 
low Whereas good 
joints are unquestionably the prime 
requisite for a minimum of infiltration, 
there are important considera 
which should be taken into ac 
in preparation of an effective 
is doubtful that 
infiltration specification is fully 


and infiltration. 


other 


tions 


count 
specification. It any 
ade- 
quate which does not take cognizance 
of the infiltration 
and seek to establish effective proced 
the desired results It 
is, therefore, questionable that limiting 


various causes of 


ures to attain 
of the type of joint material and maxi- 
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tion, with a designated test to prove 


mum permissible amount of 
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compliance, constitute within them- 
selves an adequate specification. For 


example, a sewer may very well meet 
requirements as to joints and amount 
of infiltration at time of test, and yet 
become defective later due to further 
settlement or excessive trench loading 

Especially pertinent to this discus 
sion, as both specifications 
and tests, are the recommendations and 


concerns 


comments of a committee named by the 
Sanitary Group, Los Angeles Section, 
American Society of Civil Engineers. 
This Committee, made up of engineers, 
and manufac- 
turers, under the chairmanship of 
H. W. Jewell, of Pacifie Clay Products 
was named to study and make recom 
mendations on causes and sources of 


inspectors, contractors, 
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infiltration and exfiltration in sanitary 
sewers. 

After spending several months in 
reviewing literature and engineering 
manuals, and consulting local authori- 
ties, a summary of the causes and 
sources of infiltration and exfiltration 
was compiled. This summary, exclud- 
ing a number of important items not 
directly related to specifications, gives 
many good clues as to what to specify 
in order to minimize infiltration, as 
follows: 


Joints 


Poor workmanship. 

Poor working conditions. 

Inadequate jointing space 

Lack of bond. 

filled. 

Cracks in joint material. 

Joint material washing out. 

Rigid joint material causing broken 
joint. 

Joint material shrinking. 


Joints not 


Cracked Pipe 
Yielding foundation. 
Excessive trench width. 
Inadequate laying specifications. 
Improper backfilling. 
Rigid pipeline. 
Settlement of manhole. 
Roots. 


Defective Pipe 
Chemical attack 
Erosion. 
Irregular pipe. 


Manhole Walls 
Poor brick. 


Poor mortar. 

Poor workmanship. 

Lack of plaster on outside walls. 
Settlement of manhole foundation. 


After making a preliminary report 
to the Sanitary Group in May 1946, 
additional data were gathered and the 
committee, while acknowledging the 
great magnitude of the problem and 
the need for further investigations 
with greater facilities, felt themselves 
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in a position to ‘‘ point out very salient 
facts,’’ with the belief that if their 
recommendations are carried out infil- 
tration and exfiltration can be appreci- 
ably reduced. A brief summary of 
these recommendations, released on 
February 4, 1947, by the Los Angeles 
committee, insofar as they have a di- 
rect bearing on specifications and tests, 
is as follows: 


1. The designing engineer should 
avail himself of all pertinent factors 
pertaining to soil conditions. 

2. Designing engineers should ac- 
cept the premise that all pipelines, re- 
gardless of how firm the soil may ap- 
pear, will, under certain conditions, 
subside to some extent or shift later- 
ally. Not only is some slight degree of 
flexibility required in the annular 
space, but space also should be pro- 
vided between the abutting ends of the 
pipe to permit subsidence without plac- 
ing the pipe under direct shear. 

3. Maximum flexibility should be 


provided at manhole connections by 


‘*stubbing’’ pipes out from each side 
of a manhole not further than one-half 
pipe length. 

4. Designing engineers should specify 
flexible joints at branch 
per recommendation No. 2. 

5. All house and lateral connections 
should be laid with joints flexible to 
the extent of at least one-half the 
thickness of the annular space. 

6. Backfill immediately around the 
pipe, and for a distance not less than 
1 ft. above top of pipe, should be 
placed by hand and firmly and uni- 
formly compacted without flooding. 
Where flooding economical, 
careful consideration should be given 
to the character of the soil adjacent to 
trench walls to insure wetting will not 


connections 


appears 


cause the trench to cave in and sub- 
sequently increase the load imposed 
upon the pipe, and cause the undis- 
turbed area adjacent to the trench to 
settle and crack. 

7. Serious should be 
given to the uniform practice of ex- 


consideration 
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cavating all trenches below the in 
tended subgrade and filling the bottom 
of the trench with at least 2 in. of pea 
rravel firmly compacted and brought 
to uniform grade 

8. All pipes should be laid with a 
uniform bearing under the full length 
of the barrel Suitable bell holes 
hould be excavated in the bedding ma 
terial and adjustments to line and 
mrad hould be made by scraping 
away or filling in with the bedding 
material under the pipe barrel and 
not by wedging or blocking up the 
bell 

9. After the pipe has been laid and 
jointed, the backfill should be carried 
to a point 1 ft. above the top of the 
pipe and following 4 period sufficient 
to insure proper setting of joints, the 
line should be tested by an internal 
hydrostatic pressure equivalent to at 
least a 4-ft. head of water measured 
at the lower end of the pipe test sec 
tion In general the infiltration 
hould not exceed 0.6 gal. per minute 
per inch of diameter per 1,000 ft. of 
ewer laid in wet ground (4,560 gal 
per mile per 24 hr. per inch of 
diameter 

10. Where hot-poured joints are 
used, every care should be exercised to 
insure clean dry pipe, a minimum of 
caulking, uniform annular space, and 
properly heated compound 


A discussion of the comments of the 
committee in substantiation and clari- 


fication of their recommendations is 
beyond the scope of this discussion. It 
is probably correct to assume that the 
committee’s work presents and induce 
ment for further thought and research, 
and constitutes an important step in 
the right direction. 

One other point is, perhaps, worthy of 
a little attention. It may reasonably be 
assumed that engineers’ specifications 
setting forth maximum permissible in 
filtration are, in general, predicated 
more on results currently attainable 
with vitrified clay pipe, and jointing 
materials available therefor, than upon 
the cost of pumping and treating in 
filtrating ground water It is possible 
that under conditions conducive to 
heavy, continuous infiltration some 
other piping with fewer and tighter 
joints might well be justified. Al 
though it is recognized that from eco 
nomic considerations the use of vitri 
fied clay pipe, especially in the smaller 
sizes, 18 normally indicated, it never 
theless remains true that a substantial 
number of designing engineers and 
municipalities, under certain adverse 
conditions, utilize a more watertight 
piping at a premium in cost. It would 
seem that the most logical approach to 
this problem, on the part of the de 
igner, would be an evaluation of the 
cost of pumping and treating the nor 
mally anticipated quantity of infiltra- 
tion against the cost of armortizing 
more expensive sewers giving assurance 
of negligible infiltration. 
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RECENT SEWAGE TREATMENT PLANT COSTS IN 
IOWA 


By E. Mora@an anv E. Rospert BAUMANN 


Respectively, Assistant Professor and Associate Professor, Civil Engineering, 
Iowa State College, Ames, Iowa 


Of the 358 cities and towns in lowa 
with municipal sanitary sewer systems, 
only 283 have sewage treatment plants. 
Most of these treatment plants, con- 
structed 1920 and 1930 with 
federal aid grants, are now 25 to 35 
years old. Around 50 per cent of the 
treatment plants need to be enlarged, 
replaced, or remodeled. 

Since 


between 


most of the cities and towns 
in Lowa have populations under 10,000, 
the greatest single obstacle which these 
small towns face in providing adequate 
sewave treatment facilities is financing. 
The most popular financing method at 
present utilizes a combination of sewer 
revenue bonds and general obligation 
The sewer revenue bonds are 
with obtained from 
sewer service charges; the general ob- 


bonds 


retired money 


ligation bonds are retired with money 


taxation. 
a city can give serious considera- 


obtained from general 
fore 
tion to the construction or reconstrue- 
treatment plant, a 


reliable estimate of plant costs must 


tion Of a sewage 
be available for determining the feasi- 
bility of financing the improvement. 
The purpose of this paper is to present 
a recent survey of lowa sewage treat- 
ment plant costs which may be used 
in cost estimating. 

Most of the treatment plants con 
structed in lowa since 1949 have been 
trick 
A typical plant of 
this type includes a lift station and 
control building combined, a primary 
clarifier with 


separate sludge, standard-rate, 


ling filter plants. 


mechanical sludge col- 
lection, a heated digester, sludge beds, 
a standard-rate trickling filter, and a 
final clarifier. Some of the final elari- 


fiers have been equipped with mechani 
cal collectors and some with conical or 
hopper bottoms. All lowa plants must 
be designed in accordance with the 
**Standards for Sewage Works’’ pub- 
lished by the Upper Mississippi and 
Great Lakes Boards of Publie Health 
Engineers The sanitary and fune- 
tional features of the design must be 
approved by the Engineering Division 
of the State Department of Health, 
Table | is a list of new municipal 
sewage treatment plants constructed in 
lowa since 1949, These plants are en- 
tirely new and do not represent addi- 
tions or revisions to existing struc 
The type of plant and the 
design unit loadings are given in the 
table. This information is of value 
when making a cost comparison be 


tures 


tween various plants. 

Table Il shows the cost data for the 
various plants described in Table I. 
The projected 1954 replacement cost 
was computed by using the 1954 Engi 
neering News-Record Construction Cost 
Index and the similar cost index on the 
date the plant was constructed. The 
Ek N-R Cost Index used in the caleula 
June 15th 
each year as follows: 


tions was the index for 


1949 
1950 
1951 
1952 
195 


1054 


Table I 
that the design loadings and type of 
treatment units practically the 
same for all of the installations. This 
is probably due to the fact that the 


It is interesting to note in 


are 
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TABLE I,—Design Unit Loadings for Several Recently Constructed 
Iowa Sewage Treatment Plants 
Primary Tar Digester Filt Fi Clarifier 
Lift Sludge 
City Rta Beds 
Ls Loading| ud aq. ft 
Type g.p.a I ‘ cu. ft I j cap.) 
acy. ft cat ft ft 
ta Round, mech 180 Heated 00 Round, 4180) 
( ur Lake } Round, mech 605 Heated 3 100 Ro ! t 690 | 1.25 
Imhoff | 490 140 K per 165 1 
‘ Cer 7 | Round, mech 07 | H 3.08 f Roun 597 | 1.37 
Ye K i, mech 532 3 Round, hopy 692 1.13 
le | ¥e Re 1, mech 72 100 R 72 Lagoon 
7 | In ff | | a 392 Round ica 1.2 
ns har Ye Round, mech, | 382 ( 55 380 R vd ical 482 1.25 
‘4 1 Englial Ye Round, conical | 50 6.0 375 Round, conical 502 1.25 
10 ¢ Yen? tound, mech 920 ‘ 1.0 450 Round ech. | 430 l 
11 k k ve Imhoff | 635 i 4.13 44 Round ech 613 1.25 
12 | Rock Rapid y Round, mech 47. H ‘ 3 400 Round h 712 1.25 
13 | Indianola Round, mech. | 510 te 3 900 Round 521 
i4 None Kound, mech O5 Heated 424 Round i | 
15 I ille None Rect., mec 400 Heated $ 454 Reet., mech |} 400 | 1 
i6 V illiameburg ne | Rect., mech 372 Heated| 3 380 Reet., mech 475 | 1.25 


‘On final 
filter 


Force to plant 


State Department of Health requires 


a certain degree of treatment and ad 
vocates functional plant design that 
will facilitate simple operation. Since 
tandard-rat trickling filters are 


simple to operate and produce uniform 


built since 1949 have been of this type. 

Figure 1 shows the relation between 
the size of the lowa community and 
the cost of a sewage treatment plant 
per capita on a population equivalent 
basis he treatment 
units, and hence the cost of the plant 


Since the size of t 


Construction Costs for Several Recently Constructed 


lowa Sewage Treatment Plants 


results, all of the treatment plants 
TABLE Il. 

Poy Ra 
1 | Alta 1,350 | 2.070) 1951 
2 | Clear Lak 1.977 | 16,000} 1954 
Giri 1151 1,420 1052 
(srundy 2,135 | 2,500 1054 
) Laure n 1,556 2.670 1053 
6 | Manchest +969 | 5.400 | 1951 
7 Ma 802 1,200 1053 
» N 1,085 1,260 1953 
th English 2,028 | 1953 
10 Onawa 488 5,847 1950 
Reinbech 1,460 1,854 1954 
12 | Rock Rapids 2,640 $400) 1953 
13 Indianola 5,145 7,100 1053 
14 Jefferson 1.32 6,180 1950 
15 Knoxville 7,604 0,240 1049 
Williamsburg 1977 | 1953 


Per ¢ t Projected, 1954 
| Per 
Equiv 
100,750 | 74.50} 48.50 | 115,622] 85.6 | 55.9 
82.770 | 117.00) 36.40 | 582.770 | 116.9 36.4 
92 781 80.60 65.30 102.870 724 
130,000 60.90 52.00 | 130.000 60.9 52.0 
123,100 | 79.20) 46.20 | 129,121 | 83.0 18.4 
195,946 | 49.30! 36.30 | 224.870] 56.6 | 41.6 
72.19 48.20 60,621 | 75.6 50.5 
226 94.60 17.00 62,123 57.2 19.3 
115,902 | 136.00 | 57.20 | 121,665 | 142.6 | 60.0 
191.000 »4 S80 2.40 234.787 | 67.3 10.1 
5550 | 65.50! 51.60 | 100.2231 68.6 | 54.0 
199.000 | 75.50) 45.30 | 208.733 79.1 417.4 
231,044 | 45.00! 32.60 | 242 44 | 47.1 | 34.1 
167,000 | 38.70) 27.00 | 205,285 47.5 33.2 
207 817 27.30 | 22.50 | 272,705 | 35.9 29.5 
845 64.10 $1.40 RS R51 12.6 43.4 
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itself, is based on the population 
equivalent, the comparison shown is 
made on this basis. In some of the 
communities listed in Tables I and II 
the industrial loadings equal or exceed 
the domestic loadings. Curve A (Fig- 
ure 1) shows the trend of costs for 
treatment plants that require a lift 
station at some point within the plant. 
The majority of lift stations raise the 
raw sewage from the plant influent to 
the primary settling tanks. A few 
plants lift settled or filtered sewage to 
the following unit. Curve B (Figure 
1) shows the per capita cost of treat- 
ment plants constructed without lift 
stations. 

To obtain a uniform basis for com- 
parison of the cost data, all of the unit 
costs were converted to provide a 1954 
projected cost. This was deemed 
necessary because the span of con- 
struction of the plants covers six years 
and the of construction varies 
from year to year. In projecting the 
Enginering News-Record Cost Index at 
the time of construction to the index 
on June 15, 1954, a reasonable present- 


cost 


~ 
re) re) 


Cost per capita 
based on population 


equivalent, dollars 
oO 
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day replacement cost is obtained. 

Inspection of Figure 1 indicates that 
as the design population increases, the 
unit cost of the treatment plant tends 
to decrease. This is due to the fact 
that items common to sewage 
treatment plants must be included re- 
gardless of plant size. This tends to 
prove a point that has been known for 
years. 

The unit costs for a complete sewage 
treatment plant with a lift station will 
vary in lowa on the basis of popula 
tion equivalent. For a town of 1,000 
the cost is about $70 per capita. A 
town of 6,000 can build a plant for 
about $40 per capita. If no lift sta- 
tion is required, the costs will vary 
from about $42 per capita for a town 
of 2,000 population equivalent to 
about $34 per capita for a town of 
6,000. 

Since all of the data were for new 
treatment plants, and not additions or 
revisions to existing plants, it is be 
lieved that Figure 1 can be used in 
Iowa and nearby states as a guide in 
preliminary planning for finaneing a 


some 


A~- Plants with lift stations 


All plants ore standard - rote, 
trickling filter plants built in 
6-year period, 1949-1954 


2,000 4000 6000 8000 10000 12,000 14,000 16,000 


Population equivalent 


FIGURE 1,—Recent sewage treatment plant construction costs in Iowa, based on the 
June 1954 Engineering News-Record Cost Index (= 622). 
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new sewage treatment plant. Once a 


rough estimate of the cost is made, the 
town can arrange its financing 
to meet the obligation 


city or 


The authors recently had an oppor- 
use of Figure 1 for this 
purpose when they aided in the design 
Bel 


an lowa farm community, has 


tunity to make 


of a plant for Belmond, lowa 
mond 
a population equivalent of 3,010. In 
making a preliminary estimate of costs 
for financing, Figure 1 was used to 
calculate a probable construction cost 
of ($47.25 x 3,010) $142,800 Pre 
liminary financing plans were arranged 
A detailed cost estimate 
completion of the de 


pecifications indicated 


on this basis 
made upon the 
tailed plans and 
a probable truction cost of 
$139,486. On August 4, 1954, the con 


tract for the construction of the plant 


con 


AND INDUSTRIAL 
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$134,691 and $138,148, one was for 
$151,243 and the high bid was $159,200. 
The construction cost varied from the 
cost estimated using Figure 1 by about 


11 per cent. The average of the next 


four bids, $136,221, however, varied 
from the Figure 1 estimate by only 5.1 
per cent. The average of all of the 
bids, $140,575, varied from the estimate 
by only 1.7 per cent. It may be con 
cluded, therefore, that Figure 1 may 


treatment 
plant construction costs in Iowa with a 


he used to estimate sewage 


satisfactory degree of accuracy 
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The Fourth Southern Municipal 
and Industrial Waste Conference, 
jointly sponsored by the University of 
North Carolina, North Carolina State 


College, and Duke University, will be 
held at Duke University on March 31 

April 1, 1955 
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Duke University, Durham, N. C 
the Civil Engineering 
that institution, a Con 
on Biological Waste Treatment 
held April 13-15, 1955, at 
Manhattan College Details 
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York 71, N. Y 


Details may be secured 
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Sponsored by 
Department of 
rence 
is to be 
from 
Engi 
neering Col 


New 


lege 


United States-Mexico Border Public 
Health Association will hold its 13th 
Annual Meeting on May 6-9, 1955, at 
Mexico City. These dates were chosen 


to give members the opportunity of 


also attending the World Health As 
sembly, to begin in Mexico City on 
May 10, 1955. Details of the Associa 
tion meeting are available from Dr 
Sidney B. Clark, Pan American Sani- 
tary Bureau, El Paso, Tex 

The 75th Annual Convention of th 
American Water Works Association 
will be held June 12-17, 1955, in 
Chicago, II Details are available 
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INTERMITTENT SAND FILTERS—MULTIPLE 
LOADINGS 


By Tuomas peS. Furman, Witson T. CaLaway 
AND GeorGE R, GRANTHAM 


Respectively, Associate Professor of Civil Engineering, Assistant Professor of Sanitary Science, 


and former Associate Professor of Civil Engineering, University of Florida, 
Gainesville, Fla. 


The use of the intermittent sand 
filter has, within the past 10 years, ex- 
perienced a revival in Florida as a 
method of sewage treatment. This 
method of treatment is now being 
widely used throughout the State to 
provide a high degree of sewage treat- 
ment for such isolated installations as 
motels, trailer parks, drive-in theaters, 
consolidated schools and small housing 
developments. In an effort to deter- 
mine the most effective design criteria 
loading parameters, and operational 
procedures under local conditions, the 
Sanitary Research Laboratory (1) (2) 
(3) of the Engineering and Industrial 
Experiment Station, University of 
Florida, is making a study of this 
method of treatment. Part I of this 
work (4), initiated in 1944, was an 
investigation of native Florida sands 


to determine which were adaptable to 
this method of treatment. Grantham 
et al. (5) reported on Part LI, which 
dealt with a pilot-plant study of sand 
filters, loaded once each day, at vari- 
ous hydraulic loading rates. This re- 
port covers Part III and is a study of 
sand filters at various hydraulic load- 
ing rates when the sewage is applied 
more frequently than once each day. 


Description of Units 


When the Sanitary Research Labora- 
tory was completed in 1947 eight sand 
beds were provided for actual pilot- 
plant study (Figure 1). These filters 
are 7.4 ft. square (1/800 acre). The 
walls are of reinforced concrete 4.5 ft 
high and the bottoms are either as- 
phalt-bound limerock (Filters 8, 9, 10 


FIGURE 1.—Experimental filters used in intermittent sand filter studies. 
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TABLE I.—-Characteristics of Sands in 
Experimental Filters 


Sand 
Filter 
o. et 
| Ef Unif Depth 
| . Coef (in.) 
| 
| | 
x 0.46 | 2.79 30 
9 0.25 18 
10 0.25 2.24 0 
11 0.44 2.78 | 1s 
12 0.31 4.26 30 
14 1.04 1.70 30 
15 0.29 3.27 1s 
{ 


' Filter No. 13 was converted into a contact 
bed and not used in this sand filter work 


and 11) or (Filters 12, 13, 
14 and 15). The bottom of each bed 
is covered with 6 in. of graded gravel 
and filled to a specified depth with 
sand of a uniform size and character 
(see Table I). 

The majority of the sewage entering 
the pilot plant comes from a veteran 


concrete 


student housing project located on the 
This village contains 78 units 
provides 
300 


campus. 


housing for 
difference 


and 
mately 


approxi 
The 


between 
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the village flow and the 65 g.p.m. re- 
quired for plant operation is made up 
from the trunk sewer of the campus 
proper. 

On entering the pilot plant the sew- 
age through a mechanically 
cleaned screen with *%4-in. clear 
openings. The screenings are added to 
the main sewer which leads to the 
The then 
pumped to a distribution box where 
the flow is divided and portions chan- 
neled into a primary sedimentation 
tank and an Imhoff tank. Both units 
have a theoretical detention time of 2 
hr. at a flow of 20 g.p.m. The settled 
sewage then flows by gravity to a 
until 
volume is to dose 

Before loading the 
tank is thoroughly mixed to insure a 


passes 


bar 


campus plant sewage is 


holding and measuring tank 


sufficient obtained 
all beds. each 
uniform sewage and each bed is loaded 
at a predetermined rate. The volume 
of the sewage being applied is meas- 
ured by a calibrated piezometer tube 
on the side of the tank 
through the bed the sewage flows by 


After passage 


gravity to the chlorine contact cham- 


FIGURE 2.—Effluent sampling box. 


Note tube to right of box for delivering a small 
portion of the total flow directly to the sample bottle. 
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TABLE II.—Test Data for Unit 8; Sand Size, 0.46 mm.; Bed Depth, 30 in. 


Loading 000 q | 225 300 


36 
| 121 
fil. (b./a./day) | | 209 
je p m.) & 7 | 190 
Lremoval (%) 5 


{infl. (p.p.m.) 
4 eff (p.p.m,) 
removal (%) 


(p.p.m | 5.3 85 108 
p.m 2 0.016 | 0.037 0.021 
p.p.m | 2 ( | 0.20 0.22 0.05 
pm 36.688 $5 44.703 26.616 30 457 30.171 


pan S07 106 
4.26 5 544 
0.022 5 O.OL6 
27.34 | 24.54 
| total p.p.m 34.6902 | 


oxidized (%) | 788 
Air temp., av. (° F.) 75 


Test period 4/5/48-)| 4 1/13/50 50 
7/23/48 j 2/50 | 3/26/50 3/50 | 


TABLE IIl.—tTest Data for Unit 9; Sand Size, 0.25 mm.; Bed Depth, 18 in. 


| 
Loading (1,000 g.p.a.d.) 1100 150 | 200 


No. of samples 7 17 | | 35 
{infl. (p.p.m.) 142 161 

infl. (Ib./a./day) 118 | 201 

effl. (p.p.m.) 3 | 3 


removal (%) | 97.9 O8.1 


{ infl. (p.p.m.) | 87 105 
effl. (p.p.m.) 3 
{removal (%) 06.5 W24 


S. sol. 


(p.p.m 16.9 | 17.1 | 20.3 244 | 17.9 19.6 
(p.p.m.) 0.058) 0.002 0.003 0.016; 0.037 


‘org. (p.p.m. 196 | 18.6 76 | ¥ 8.5 11.4 
} 
| 


(p.p m 0.20 0.20 0.18 
(p.p.m 36.688 | 35.002 3| 27.993) 26.616) 31.217 


(p.p.m.) O82 | 1.2 1.71 5 | 3.31 | 
(p.p.m.) 1.18 2 2.91 3.5 , 1.26 | 
(p.p.m.) 0.010 0.002 0.010| 0.063 
(p.p.m.) 32.42 24.06 19.35 | 1641 
| total (p.p.m.) 34.430 28.682 28: 7| 23.740| 25.893 


oxidized (%) 94.37 75.6: 2 | 81.54 63.56 
Air temp., av. (° F.) 75 a. 7 iW | 70 66 
Test period 4/5/48 | 8/7/48— 4/50) 3/26/50 7/14/50 
ion is 25/50 |7/12/50 2/4/51 
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; | 325 
No | 10 
152 
B.O.D 
00.8 
87 108 86 
8. sol 6 20 | i4 | 
93.1 81.5 R37 | 
org 
NH 
nfl NO 
NO 
: 
N 2.93 275 | 174 6.12 3.97 
419 2.46 $41 4.88 3.23 
effi 0.004 0.005 0012 0.029 0.015 
i887 | 25.46 22.70 17.51 | 18.15 
24.004 | 30.675 | 27.862 | 27.530 | 25.365 “Nee 
67.3 745 | 75.5 83.0 81.5 636 | 716 ) a 
i | 70 72 | 71 | 65 71 65 | 69 . 
2/0/51 4/8/51 
| 225 250 | 300 
| 15 | 17 33 
= 106 | 123 
: | 198 307 
3 3 5 
; ee 98.6 | 96.9 | 97.2 | 96.5 95.9 ' 
| a 
86 
| 6 
| 93.0 
 &§ | total 
N 
| 
| ef 


264 


SEWAGE AND INDI 
ber and is then discharged into a 
mall stream flowing past the plant 
Samples of the applied sewage were 


taken from the influent channe! during 
actual loading effluent sample S were 
obtained from a sampling box (Figur: 
y) This device was designed to mi 

mize the error of a grab sample and 
vas so constructed that it delivered a 
mall portion of the flow directly to 
the sample bottle Samples were taken 
ipproxima every five days. De 
Lerminatiol were made according to 
the procedures set forth in ‘‘ Standard 
Methods 6 The hydraulic loading 
was applied in two equal doses, the 
first at 9:00 am and the second at 3-00 
pM and increased periodically until hy 


the 
study 


resulted 
was initiated 


of beds 


the 


failure 
of 


draulic 


Th phase 


STRIAL WASTES March, 1955 

In January 1951, at loading rates of 
300,000 g.p.a.d., units 9, 10, 11, 12 and 
15 began to ¢ 
time (the t 


( 


log. The disappearance 
ime required for the sewage 
) disappear below the surface of the 
bed ) eased until the 


preceding 


sewage of the 
loading was still 


o! 


covering 
the surface the bed at the time of 
th When this occurred 


the bed was considered Lo have failed 


next loading 
lt was then removed from service and 
allowed to (4 to 
10 weather), after 
which it was put back into operation 
When the bed to the 


point of failure it was removed from 


rest tor several 5 


day 
depending on the 


clogged 


avain 
oO! 
ervice., 


Kilters 9 and 12 were discontinued 


ebruary 4, 1951; filter 15 on Febru 


n March 1948 and terminated in July ary 6; filter 10 on February 7, and 
1951. Tables If through VIII present ter 11 on February 11. 
the results obtained lilters 8 and 14 did not clog sufti- 
TABLE IV.—Test Data for Unit 10; Sand Size, 0.25 mm.; Bed Depth, 30 in. 
Loading (1,000 g p.a.d.) 100 150 175 200 225 | 250 300 
of sample 17 8 14 16 | 34 
infl. (p.p.m 142 161 143 U6 106 85 122 
infl. (Ib./a./day) 118 | 208 160 198 1177 302 
B.O.D « 
(p.p.m 2 3 2 2 | 5 
ren il (%) 98.6 08.1 97.9 96.9 98.1 | 97.6 97.5 
| 
| 
infl, (p.p.m.) 87 105 St 
effl. (p.p.m.) ) 10 
Lremoval (%) 95.4 O14 4 
rg p.p.m.) | 10.6 15.2 6.1 10.7 
YH, (p.p.m.) | 16.9 17.1 19.0 20.3 2444 | 195 | 19.5 
infl NO, (p.p.m | 0,058 0.002 0,003 0.003 0.007) 0.019 0.037 
| ©, (p.p.m.) | 0.13 0.20 0.59 0.09 0.11 0.20 0.22 
total (p.p.m.) 36.688 | 35.902) 34.793 | 27.993! 30.617] 28.919] 30.457 
: rg. (p.p.n 1.00 1.03 1.70 1.98 9.21 2.71 3.25 
H, (p.p.m.) 0.82 1.16 71 2.57 1.66 2.00 2.20 
effi O+ (p.p.m 0.017 0.018 0.001 0.002 0.005 0.006 0.037 
O; (p.p.m 20.8 24.56 15.09 22.58 23.13 15.48 
tot 38.137 23 O08 28.071 14.642 63.455 27.346 20.967 
idized (% 87.61 OO.45 84.77 76.00 67.50 8.3.08 13.05 


3 
= 
: 
— 
é Air temp., av. (° F.) | @o i2 72 71 65 | 72 66 
period 1/5/48 2/13/49 (/3/49-) 1/13/50—| 3/27 /50—| 7/13/50 
| 24/48 |2/12/49 7/7/49 |1/12/50 | 3/26/50 |7/12/50 | 2/7/51 
4 
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TABLE V.-—Test Data for Unit 11; Sand Size, 0.44 mm.; Bed Depth, 18 in. 


Loading (1,000 g.p.a.d.) 125 150 


No. of samples 

infl. (p.p.m.) 
infl. (Ib./a./day) 
eff. (p.p.m.) 


removal (%) 


B.O.D 


infl. (p.p.m.) 
effl (p.p.m.) 


removal (%) 


org. (p.p.m 
NH; (p.p.m 


NO, (p.p 
| NO, (p.p 
total (p.p 


org. (p.p 
NHs (p.p 
NO, (p.p 
NO, (p.p 
total (p.p 


oxidized (%) 


Air temp., av. (° F 


lest period 


mh 


) 


0.002 
0.20 


35.002 


6.03 
6.2 5.82 
O.O16 0.060 
20.85 | 13.96 
30.346 | 25.870 


61 
24.4 

0.007 


30.617 


1.04 
5.49 

17.22 


24.660 


70.13 


1/13/50 
20/50 


8.5 
17.9 
| 
0.20 


26.616 


3.15 
5.05 | 
0.028 
17.63 

25.858 


10.8 
10.1 
0.037 
0.22 
30.157 
56 
5.14 
0.034 
14.51 
25.444 


56.42 


Oo 


7/13/50 


10/51 


ciently under this study to be removed 
from service and were operating satis 
factorily when the study was termi 
nated 

It was noticed that while the beds 


r- LOO 


were clogged to the point of hydraulic 
failure, the degree of treatment af 
forded to the effluent passing through 
the bed was still in the neighborhood 
of 90 to 95 per cent. 


0.25, Sand 


Filter 10-30” 
Filter 9-18" —-—— 


200 300 


Hydraulic Loading Rate (1000 Gallons per Acre per Day) 


FIGURE 3.—B.0.D. removals by sand filters 9 and 10 under one and two loadings 
per day. 


‘ 
E 265 Ny 
SSC 175 200 225 250 300 a 
8 | 17 8 34 14 \4 36 
138 160 143 106 85 124 
144 200 208 165 18 177 310 
10 30 14 19 22 633 
92.8 81.2 00.2 80.8 | 79.2 | 88.2 
| | | | 
S5 | 106 St | 
| 
S. sol 9 | 26 
80.4 75.5 87.2 
19.3 | 186 | 15.2 7.7 
) 16.3 | 17.1 10.0 20.7 
infl 0.007 | 0.008 0.003 ts 
= 0.14 | 0.59 0.09 | 
m.) 35.747 | 34.703 28.493 | 
m.) 3.03 2.86 
m.) 1.62 5.12 | 
effl m.) 0.004) 0.003 | 
: m.) 18.50 14.84 
m.) 26.154| 22.823| | 
68.74 | 54.14 70.74 65.03 68.26 
72 72 65 71 = 
Ay 
7/23/48 |2/12/49 | 7/7/49 | 1/12/50 7/12/50 |2/ 
i 
awa 
° 
a 
Q One Loading/Day 
100 
a 
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mn, Sand 


Two Loadings /Day 
a Filter 12-30" 
Filter 15-18” 
200 390 


Hydraulie Loading Rate (1000 Gallons per Acre per Day) 


FIGURE 4.—B.0.D. removals by sand filters 12 and 15 under one and two loadings 


per day. 
Discussion of Results loading increments per day 
Figures 3, 4, 5 and 6 show graphi loading is measured 


the percentage reduction of the 
both 


cally 


applied at and two Figures 7. 


one 


TABLE VI. 


Loading (1,000 g.p.a.d.) | 100 150 175 1) 225 
No, of samples 9 17 7 35 14 
infl. (p.p.m.) 136 160 144 06 | 106 
}infl. (lb./a./day) 113 200) 208 160 198 
B.O.D, 
effi. (p.p.m.) 3 5 
removal (%) | 97.8 97.5 97.2 94.8 | 96.2 
infl. (p.p.m.) OS 106 
5. aol effl. (p.p.m.) 6 
‘removal (%) | 94.6 92.4 93.1 | 
| 
org. (p.p.m.) 19.1 18.6 15.2 
NH; (p.p.m.) | 16.8 17.1 | 192 20.3 | 244 
| infl. NOz (p.p.m.) | 0.007) 0.002) 0.003} 0.003) 0.007 
| |} NOs (p.p.m.) 0.15 0.20 0.59 0.09 0.11 
| total (p.p.m.) 36.057 | 35.902| 34.993] 27.993] 30.617 
N {org (p.p.m.) 1.43 1.07 1.58 1.04 
| NH; (p.p.m.) 0.93 0.71 2.12 2.15 | 1.74 
NO, (p.p.m.) 0.007} 0.026, 0.002! 0.002| 0.004 
| NOs (p.p.m.,) 32.44 | 21.69 | 26.79 16.71 20.95 
total (p.p.m.) | 34.707| 23.496| 30.892] 20.442] 23.734 
oxidized (% | 93.48 | 92.40 | 86.72 | 81.75 | 88.28 
Air temp., a\ F.) 74 72 70 71 | 65 
| 
Pest period |3/16/48-—| 7/24/48-|2/13/49— 7/8/49-| 1/13/50 
7/23/48 |2/12/49 | 7/7/49 |1/12/50 |3/26/50 


when 


the 


hydraulically 


gallons per acre per day) 


Test Data for Unit 12; Sand Size, 0.31 mm.; Bed Depth, 30 in. 


2 


19.5 


0.019 | 


0.20 
28.919 


1.80 
1.47 


0.008 | 


17.08 
20.358 


2/50 


| 


8, 9 and 10 show the per 


25.2 
24.0 
0.038 
0.17 
19.408 


4.2) 

3.38 

0.034 
16.63 
24.754 


67.27 


68 


7/13, 50 


3/9/51 


| 
100 
a 
< 
— - 
—_ 
j 
250 | 300 Re 
15 32 
84 133 : 
175 332 
7 
95.2 04.0 
| 
= 
| 
83.02 
72 = 
3/27 
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TABLE VII.—Test Data for Unit 14; Sand Size, 1.04 mm.; Bed Depth, 30 in. 


Loading (1,000 g.p.a.d.) 


No. of samples 

finfl. (p.p.m.) 
infl. (Ib./a./day) 
effi. (p.p.m.) 


!removal (% 


B.O.D 


{infl. (p.p.m.) 
eff. (p.p.m.) 15 
lremoval (%) 83.8 


19.1 

16.8 
0.007 
0.15 

36.057 


forg. (p.p.m.) 
NHs (p.p.m.) 
infl. (p.p.m.) 
NO, (p.p.m.) 
' total (p.p.m.) 
8.05 
11.62 
0.031 
11.83 
31.531 


org. (p.p.m.) 
NH, (p.p.m.) 
. NOs (p.p.m.) 
NO, (p.p.m.) 
total (p.p.m.) 


oxidized (%) 

Air temp., av. (° F.) 
Test period 

7/23/48 
centage reduction of applied B.O.D. at 
both loading increments when the rate 
of application is expressed organically 
(pounds of B.O.D. per acre per day). 


3/15/48— | 


| 400 


33 
121 
403 

30 

75.2 


10.7 

21.8 
0.038 
0.23 

32.768 


12.8 
17.3 
0.021 


35.672 


3.64 
10.37 

0.080 
13.35 
27.440 


10.17 
0.59 
0.079 
9.56 

20.399 


0.016 
8.56 
28.306 
30.63 48.87 

70 65 


2/16/51 
7/13/51 


7/13/50- 
2/9/51 


Using the method of least squares, 
a straight line of best fit was put 
through the averaged data at each 
loading increment and at both loading 


0. 45-mm Bema 


Hydraulic Loading Rate (1000 Gallons per Acre per Day) 


FIGURE 5.—B.0O.D. removals by sand filters 8 and 11 under one and two loadings 
per day. 
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| 

| 175 | 250 300 | 425 
9 25 | 66 | 10 
136 155 | 152 
323 240 | 538 
; |} 25 | 61 28 28 
| 816 | 67.4 708 | 81.6 
43.0 
( 175 | 76 
17.8 20.6 
bs 0.002 0.007 

0.37 0.12 0.05 
28.327 30.171 
N 7.72 | 4.05 
12.01 | 7.25 
3.64 
17.91 
5 
| 32.85 a 

| 
32.72 62.85 + 
73 69 
| 
R 
\ ae 
\ Two Loedings /Day 
| 

One Loading /Day Filter 11-18° ———— — 

70 
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1.04-mm, Gand 
|. 80 
a 
Tvo Load ings /Day 
Filter 14-30° 
200 400 
3° 


Hydraulic Loading Rate (1000 Gellons per Acre per Day) 
FIGURE 6,—B.0.D. removals by sand filter 14 under two loadings per day. 


parameters. ‘able LX is a summary which exists between the percentage 
of the pertinent information of B.O.D. removed and the loading 

For the range of the data analyzed parameters studied, whether expressed 
it is evident that the relationship hydraulically or organically is small. 


TABLE VIII.Test Data for Unit 15; Sand Size, 0.29 mm.; Bed Depth, 18 in. 


Loading (1,000 g.p.a.d.) 100 150 175 200 225 . 300 
No. of samples im. 17 8 30 | 14 16 30 
finfl. (p.p.m.) 36 160 143 | 96 | 106 87 124 
} inf (Ib./a./day) 113 200 208 | 160 198 | 181 310 
B.O.D. ar - 
effl. (p.p.m.) | 4 8 9 | 5 
{removal (%) 96 3 96.9 94.4 | 93.8 | 91.5 94.2 94.4 
} 
finfl. (p.p.m.) | 93 105 86 
8. sol. 4 effl. (p.p.m.) 6 i 9 
removal (%) 93.5 | 89.5 | 89.5 
org. (p.p.m.) 196 | 186 | 15.2 7.6 6.1 88 | 10.3 
NH, (p.p.m.) 16.9 17.1 | 190 | 203 244 | 166 | 204 
infl. « NO» (p.p.m.) 0.058} 0.002) 0.003 0.003 0.007} 0.018 0.039 
| NOs (p.p.m.) 0.13 0.20 0.59 | 0.09 0.11 0.18%) 0.27 
| total (p.p.m.) | 36.688 | 35.902) 34.793) 27.993) 30.617 25.598 | 31.009 
| | 
NJ ( ore. (p.p.m.) | 2.07 2.62 2.73 1.97 2.74 | 1.86 5.98 
NH; (p.p.m.) 1.70 1.94 3.02 2.51 | 3.46 | 1.95 4.10 
NO, (p.p.m.) 0.009} 0.006) 0.004 0.003} 0.009] 0.007) 0.057 
NOs (p.p.m.) | 29.76 | 23.69 | 21.75 | 14.40 | 18.57 | 19.59 | 15.65 
total (p.p.m.) | 33.539 | 28.256| 27.504) 18 24.779 | 23.107 | 25.787 
| 
| oxidized (%) | 88.87 83.85 79.09 76.27 74.96 83.50 | 60.85 
Air temp., av. (° F.) | 74 72 72 | 71 65 70)~=—|s«68 
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Organic Loading Rate (Pounds of B.O.D. per Acre per Day) 


FIGURE 7.—B.0.D. removals by sand filters 9 and 10 under one and two loadings 
per day. 


[It is believed that the lack of relation- 


ship may be due in part to three 


CAUSES: 


1. The inherent error in the B.O.D 
analysis in determining small amounts 
of B.O.D.; 

2. The fact that both carbonaceous 
and nitrogeneous B.O.D. may be pres 
ent in the samples (this was discussed 
by Grantham (5)). 

3. The sand filters used in this study 
were of such depth that they were able 


Filter 12-30" ————— 
Miter 15-10° 


One Loading/Day 
190 


to remove 80 to 95 per cent of the ap 
plied B.O.D., even though the organic 
loading rate was sufficient to clog the 
the sand in a 
relatively short time 


interstices of surface 


that the 
beds containing 


Thus it 
parameter 


appears loading 
for sand 
sands with an effective size of less than 
0.45 and over 18 in. deep will 
depend on the amount of organic ma 
terial trapped in the surface inter- 
stices of the filter and on the rates at 


mm 
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Two Loadings /Day 


Organic Loading Rate (Pounds of B.O.D. per Aere per Day) 


FIGURE 8.—B.O.D. removals by sand filters 12 and 15 under one and two loadings 
per day. 
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B.O0.D. 


- 


1p 


Organic Loading Rate (Pounds of B.0.D. per Aere per Day) 


FIGURE 9.—B.O.D. removals by sand filters 8 and 11 under one and two loadings 
per day. 
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¥ 
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o +70 / Filter 14-30" 
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Organic Loading Rate (Pounds of B.O.D. per Acre per Day) 
FIGURE 10.—B.0.D. removals by sand filter 14 under one and two loadings per day. 


= TABLE IX.—Summary of Data 
Sand Bed Loading (1,000 gal. /a Loading (Ib. B.O.D./acre/day) 
1 Lon Da ! 1 Loading Day 2 Loa per Day 
and 
Deptt 
i t Std Std 
Error Error 
10 ww) 02 | 0.040 1.73 0.005 0.52 1.023 1.61 0.003 0.87 
v 18 0.25 0.0003 1.73 0.012 0.67 j 0.001 1.73 Os 1.32 
12 10 0.31 1.052 6.0 60 1.025 2.61 0.009 1.28 
15 0.20 | O.020 204 0.020 1 Af O2 0.006 1.20 
8 00 | 0.46 | 0.021 497 | +006 4.12 0.02 5.35 +0.017 3.80 
a 11 | 18 | O44 +-0.0038 | 645 0.0004 6.07 0.002 | 6.44 +-0.016 5.99 
4 | | 
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which the biota of the bed can assimi- 
late and oxidize the organic material. 
It may be observed from Figures 
3, 4 and 5 that the efficiency of the 
beds in removing the applied B.O.D. 
improved when the frequency of load- 
ing was increased from one to two 
increments per day. It may also be 
observed from Figures 3, 4 and 5 that 
the spread between the lines of best 
fit of the 18- and 30-in. beds decreased 
as the frequency of loading increased. 
This seems to indicate that as the fre- 
quency of the dosing was increased the 
difference between the efficiencies of 
the 18- and 30-in. beds decreased. 
Additional tests were then initiated 
determine the effects of loading 
rates applied in 4 and 24 increments 
per day. Sand beds 8, 9, 10 and 11] 
were dosed four times each day (3:00 
and 9:00 am and 3:00 and 9:00 Pm). 


to 
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Sand beds 14 and 15 were dosed by 
means of an automatic dosing siphon 
so adjusted that the loadings were ap 
plied hourly. To secure adequate cov 
erage of beds 14 and 15, spray nozzles 
were used to distribute the sewage over 
the surface of these beds. Table X 
a summary of the results obtained. 
From this experiment it became evident 
that increasing the frequency of load 
ing beyond twice each day increased 
only slightly the efficiency of those beds 
containing sands with effective sizes of 
0.25 and 0.31 mm. However, it 
appear that the efficiencies of beds con 
taining sands of 0.45-mm. effective size 
and larger are improved when the fre- 
quency of loading is increased beyond 
twice each day. 

As previously mentioned, it was be 
lieved that one reason why more sig- 
nificant results were not obtained from 


does 


TABLE X.—Test Results at 4 and 24 Loadings per Day 


Bed number 

Sand depth (in.) 
Loading (1,000 g.p.a.d.) 
Loadings per day 

No. of samples 


Jina (p.p.m.) 
infl. (Ib./a./day) 
B.O.D \effl. (p.p.m.) 


removal (%) 


10 
30 
300 


{infl. (p.p.m.) 
effi. (p.p.m.) 


| removal (%) 
(p.p.m.) 


( 
NH, (p.p.m.) 
infl. < NO» (p.p.m.) 
| NO, (p.p.m.) 
\total (p.p.m.) 


S. sol 


88.4 


16.62 


5 | 19.67 
13.86 3.1 


7.39 
0.023 


12.04 
9.82 


0.023 0.002 0.023 0.022 


30.503 31.352 40.505 27.083 21.882 


(p.p.m.) 
(p.p.m.) 
(p.p.m.) 
(p.p.m.) 
(total (p.p.m.) 


{org 
NH, 

effi. 4 NO; 


1.87 | 
0.46 
0.021 
9.57 
11.921 


2.09 2.23 
0.47 | 0.73 
0.019 0.016 | 
10.14 8.07 | 


2.48 

2.73 

0.038 
13.00 
18.248 


2.15 
2.96 
0.064 
16.59 
12.719 | 10.046 21.744 


oxidized (%) 80.41 79.83 80.41 


79 


| 
Air temp., av. (° F.) » | 


Teast period 5/9/51 


10/! 5/5 


5/9/51 
8/6/51 


7/14/51 


10/ 51 12/41/51 
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TABLE XI.—-B.0.D. Removal by Sand 
Filter 12 per Unit Depth at Loading 
Rate of 150,000 G.P.A.D. 


: D ol B.O.D 
Po, Re 
12 18 92 
6 24 OF 
12 40 
the investigations of the finer sands 
).20 to 0.31 mm.) was due in part to 
the fact that the depths used in this 


tudy were beyond the critical depth 

the loading rates employed In an 
effort to determine the critical] depth, 
and bed No. 12 was rebuilt so that 
impling points were available at 4-, 
6-, 12-, 18-, 24-, and 30-in depths. The 
bed was loaded with primary effluent 
{ a hydraulic loading rate of 150,000 
pad, applied in two equal doses 
at 9:00 AM and 3:00 PM) each day. 
Influent and effluent samples were col 
d yy riod of 6 weeks and 
laily analyse made It was found 
lable XI that &Y per cent of the 
noved by passage through 
the first 12 in. of the bed and the per 
entage removal of the total applied 


b.0.D. by the remainder of the bed is 
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This fact is compatible with results 
reported by Calaway (7) and by Cala- 
way, Carroll and Long (8) that the 
common zoogleal organism (Zéoglea 
ramigera) which is believed to be re 
ponsible for most of the removal of 
organic material becomes relatively in 
ignificant below the 12-in. level. Thus 
it appears that sand filters composed 
of 0.35-mm., sand or smaller and loaded 
with primary effluent twice each day 
under carefully controlled conditions 
may be reduced in depth to 24 in 
and under special conditions to 18 in 
When such depths are used, however, 
care should be exercised to insure that 
the full depth of sand is maintained at 
all times, and any sand removed when 
the bed is raked or seraped should be 
replaced promptly. When shallow beds 
are used, the underdrains should be 
spaced more closely than in deep ones 

Cognizance should be taken of the 
fact that these conclusions are based 
on the results of closely controlled lab 
oratory experiments. As such close 
control is seldom maintained over 
actual field installations, regulatory 
agencies may find it desirable to 
modify these recommendations to some 
degree so as to comply with existing 


conditions 
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FIGURE 11.—Nitrogen oxidation by sand filters 9 and 10 under one and two loadings 
per day 
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Filter 15-28" 


200 300 


Hydraulic Loading Rate (1000 Gallons per Acre per Day) 


FIGURE 12.—Nitrogen oxidation by sand filters 12 and 15 under one and two loadings 
per day. 


Oxidation of Nitrogen 


determinations were in- 
cluded as a part of this study and the 
results are listed in Tables II to VIII, 
inclusive. The nitrogen oxidation was 
determined as the percentage of the 
total nitrogen recovered represented by 
the sum of the nitrate nitrogen and 
75 per cent of the nitrite nitrogen re- 
covered in the effluent. This was the 
method used by Grantham (5). 

The percentage of nitrogen oxidized 
is plotted against the hydraulic load 


Nitrogen 


Nitrogen Oxidized (%) 
3 


ing rate for the three pairs of filters in 
Figures 11, 12 and 13. In Figures 
14, 15 and 16 the percentage of nitro 
gen oxidized is plotted against the or 
ganic loading rate. Included also are 
from previous work (5) 
which allow comparison not only be 
tween the filters of different depths 
but also between 


the results 


the results obtained 
at one and two loading increments per 
day 

From these figures it may be ob- 
that better is ob 


erved nitrification 
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FIGURE 13.—Nitrogen oxidation by sand filters 8 and 11 under one and two loadings 
per day. 
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200 300 


tained when the sewage is applied in 
two increments per day. It is 
evident in the 0.25-mm. and 0.31-mm 
beds that the percentage of nitrogen 


also 


oxidized decreases slowly as the loading 
rate is increased. This appears to be 
true at both loading parameters 

In the 
appears that the percentage of nitro 
independent of the 
loading rate, but is depend 


case of the 0.45-mm. sand it 


ren oxidized 1S 
hydraulic 

ent on the organic loading rate, which 


is as expected 


Organic Loading Rate (Pounds of B.O.D. per Acre per Day) 


FIGURE 14.—Nitrogen oxidation by sand filters 9 and 10 under one and two loadings 
per day. 


It also appears that the difference 
between the percentage of nitrogen oxi 
dized for both the 30-in 18-in. 
when the sewage is 
applied in two increments than when 


and 
beds is smaller 
the beds are loaded once each day. It 
was noted in a majority of cases that 
the total recovered at the 
various levels was less than the total 
Since no specific 


nitrogen 


nitrogen applied. 
was made of this phenomenon 
that there is (a) a 
nitrogen build-up within the bed, or 


study 
it is presumed 
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FIGURE 15,—Nitrogen oxidation by sand filters 12 and 15 under one and two loadings 
per day 


0.25—mea, Sand 
90 
\ Two Loadings /Dey 
Re) 
/ 
he 


90 


Nitrogen Oxidized 


INTERMITTENT SAND FILTERS 


Sand 


Filter 8-30" 
Filter 11-18" 


390 


Organic Loading Rate (Pounds of B.O.D. per Acre per Day) 


FIGURE 16.—Nitrogen oxidation by sand filters 8 and 11 under one and two loadings 


(b) a loss of nitrogen to the atmos- 
phere either during sampling or during 
the intervals between loadings. 


Conclusions 


1. Better B.O.D. removal was ob- 
tained from both the 18-in. and the 30- 
in. beds of 0.25-mm. and 0.31-mm. sand 
when the loading increment was in- 
creased from once to twice each day. 

2. Increasing the frequency of load- 
ing beyond twice each day improves 
only slightly the efficiency of the beds 
containing 0.25- and 0.3l-mm. sands. 

3. The removal of B.O.D. by 0.45 
mm, and 1,04-mm,. sand beds appears 
to be independent of the hydraulic 
and organic loading parameters for 
the range included in this study (see 
Figures 5, 6, 9 and 10). 

4. The efficiency of the sand beds 
containing 0.45- and 1.04-mm. sands in 
removing the B.O.D. is appreciably in- 
creased when the frequency of loading 
is extended beyond twice each day. 
number of load- 
ings per day decreases the difference 


5. Increasing the 
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per day. 
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The need of living organisms for 
phosphorus is well recognized. The 
sanitary engineering profession began 
to take cognizance of this need when 
Lea and Nichols (4) (5) introduced the 
now standard B.O.D. dilution water, 
which contains phosphorus in addition 
to various other salts. Continuing this 
line of study, Sawyer (6) determined 
the phosphorus requirements of acti- 
vated sludge in the treatment of sul- 
fite waste liquor-sewage mixtures. 
Still more recently, Helmers et al. (1) 
(2) have reported on the phosphorus 
requirements of activated sludge in the 
treatment of domestic sewage as well 
as a number of industrial wastes 

Although these studies have amply 
demonstrated that phosphorus is taken 
up by activated sludge, the manner in 
which phosphorus in suboptimal con- 
centrations affects the process has not 
been shown. The use of natural sew- 
ages, containing variable and relatively 
large quantities of phosphorus, made it 
impossible to study such concentra- 
tions. The present study consisted of 
laboratory experiments designed to 
evaluate the effect of definite phos 
phorus concentrations on the activated 
sludge process. The use of a synthetic 
sewage made it possible to fix the phos 
phorus concentration at any 
value. 


desired 


Laboratory Procedures and Results 
The synthetic sewage used, as de- 
veloped by Weinberger (7), and modi- 


* Present address: California State De 
partment of Publie Health, Berkeley, Calif. 


fied by Kaufman and Klein (3) was 
further modified by eliminating all 
phosphorus. Supplemental phosphorus, 
in the form of Na,HPO,-2H,0, was 
added to give the desired phosphorus 
concentrations—that is, 0.0, 0.1, 0.8, 
2.0, and 5.4 p.p.m. The composition 
and analysis of the synthetic substrate 
is given in Table lL. 

The method of developing and main- 
taining the activated sludge has al- 
readly been deseribed in detail (3), but 
for the sake of completeness, a brief 
summary is given. A batch process was 
used. The sludges were fed twice 
daily, at 8:00 am and again at 4:00 
pM. ‘The feeding procedure was as 
follows: The air supply to the aeration 
tubes, each containing 1.5 |. of mixed 
liquor, was shut off and the sludge was 


allowed to settle for 3O min. One 


liter of supernatant liquid was siph 
oned off, 1 1 


the desired phosphorus concentration 


of substrate containing 


was added, and aeration was resumed 
Sludge for the experiment was taken 
from a system which was developed on 
the synthetic substrate containing 5.4 
p.p.m. orthophosphate phosphorus 
The sludge was divided into five equal 
which, when 


portions, made up to a 


volume of 1.5 L, resulted in a mixed 
containing 1,500 p.p.m. 


pended solids. By daily wasting ol 


liq lor SUS 
sludge just before the afternoon feed 
ing, the 
maintained as close to 1,500 p.p.m. as 


suspended solids level wa 


possible. From the data on wasting 
the rate of growth of sludge was cal 
culated 
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TABLE lL. 
j 
( t ta Average Tap Wat 
(mg./i tap water Analyst i 
60 Sod 4 
tile son, Potassiun 
luble starct 200 | Caleiun 
Diat 5 Ing 
af 40 Alb t 
KCl 7 at 
CaCl 7 pH 
Phosphorus 0.05 


4 


25 Hardness 
NaHCO, 168 


After three weeks of operation, dur 
ing which the systems appeared to 
have reached an approximate state of 
equilibrium, seven series of analyses 
were made, extending over a 3-month 
Kach set of analyses included 
matter, ash, 
and phosphorus, as well as the effluent 


5-day 


period 


sludge volatile nitrogen, 


phosphate phosphorus, 


and nitrate nitrite-, ammonia-, and 


organic-nitrogen, 


As a result of sludge losses due to 


poor settling characteristics, the sus 
pended solids concentrations of the 
tubes fed 0.0 and 0.1 p.p.m. phosphorus 
diminished rapidly. During the period 


in which sludge and effluent analyses 
were made, the average solids concen 
trations of these tubes 


200 and 510 p.p.m 


were respec 


tively, As shown 


in Figure 1, these sludges exhibited 


SEWAGE AND INDUSTRIAL WASTES 


March, 1955 


Composition of Synthetic Substrate 


Substrate Analysis 


B.O.D., 5-day, 20° ¢ 190 p.p.m 
Total nitr f 25.3 p.p.m 
Orthophosphate phosphoru 54 
Alkalinity, as CaCO), 143 
pH 


negligible growth during the course of 
the experiment. The aeration tubes 
receiving more than 0.1 p.p.m. phos 
phorus averaged 1,500 p.p.m. sus 
With from 0.8 to 54 
p.p.m. phosphorus, the rate of sludge 
growth was proportional to the phos 
The leveling off 
of the curve at the higher phosphorus 
concentrations indicates that the rate 
of growth would be affected little by 
additional increases in the phosphorus 
content of the substrate. 

Differences in the composition of the 
sludge can be closely 


pended solids. 


phorus concentration. 


correlated with 
differences in the phosphorus content 
of the synthetic sewage (Figure 1). 
content of the sludge in 
creased to a maximum of 24 per cent 


The ash 


at a feed phosphorus concentration of 
about 4 p.p.m. At a level of 0.8 p.p.m 
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FIGURE 1.—Effect of phosphorus on sludge characteristics. 
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FIGURE 2.—Effect of phosphorus on effluent characteristics. 


phosphorus, the 


nitrogen and 


reached 


phos- 
phorus contents 


about 7 and 1.8 per cent, respectively. 


Additional increases in the substrate 
phosphorus concentration did not af- 
fect the nitrogen or phosphorus con- 
tent of the sludge. 

Table Il and Figure 2 show the 
results of the effluent analyses. At 
phosphorus concentrations of less than 
0.8 p.p.m., B.O.D. removal was mark- 
edly reduced Above 1.0 p.p.m., 
B.O.D. removal remained essentially 
onstant at 95 per cent. Ammonia 


TABLE II. 


Phosphorus Cons 


Average aeration solids (p.p.m.) 
Ratio, substrate B.O.D. to P 
Ratio, B.O.D. removed to P removed 
Effluent (p.p.m.) 

PO, P 

NO,-N 

N¢ de N 

NH,-N 

Org-N 

Total N 


maxima of 


nitrogen in the effluent increased to a 
maximum of approximately 8.5 p.p.m. 
at 1.0 p.p.m. of added phosphorus. Or- 
ganic nitrogen decreased from 22 
p.p.m. to a minimum value of about 
4 p.p.m. at 1.5 p.p.m. of added phos 
phorus. Nitrification was erratic. No 
nitrites appeared in the effluent when 
than 0.8 p.p.m. of 
added 

Some mention should be made of the 
physical appearance of the different 
sludges. Those receiving less than 0.8 
phosphorus were whitish in 


less phosphorus 


were 


p.p.™m 


Summary of Influent and Effluent Analyses 


in synthetic Substrate 
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color, had a strong tendency to bulk, 


and microscopically appeared to con- 


st of relat pure cultures of a 
filamentou 


organism subsequently 


dentified a Sphaerotilus natans In 
these sludg few microscopic animals 
were observed. The sludges fed 2 or 
more p.p.m. of phosphorus were nor 
mal in color, settled well, and presented 
the typical microscopic appearance of 


ated sludge which ineluded an 


active microfaunal population 

After a period of three months dur 
substrates with different 
phosphorus levels were used, the feed 


for all 


ing which the 


sludges was adjusted to 5.4 


p.p.m phosphorus Within three 
weeks, the sludge and effluent analyses 
of all tube became essentially the 
ame as that previously reported for 
the tubs ntaining 5.4 p.p.m. of phos 
phoru 
Discussion 

It has been possible to evaluate the 
effect of phosphorus on _ activated 
sludge from the rates of sludge growth 
and analyses of sludges and effluents 
from activated sludge systems accel 


mated to an identical synthetic sewage 
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At a constant B.O.D. loading of 15.8 
lb. of B.O.D. per day per 1,000 eu. ft. 
of aeration capacity, growth and 
metabolic activity of the sludge were 
found to be related to 
the influent phosphorus concentration 
developed on 5.4 
p.p.m. phosphorus rapidly deteriorated 
when the phosphorus con- 
centration was reduced to 0.1 p.p.m., or 
and 
B.O.D. removals, nitrogen uptake, and 
content of the were 
low. The uptake of phosphorus from 
the substrate was complete 

Table II that in the tubes 
maintained at phosphorus 
suspended solids 

[It should not be 
presumed, however, that the 
of growth and the poor B.O.D. removal 
were due primarily to the low solids 
experi 
suspended solids 
growth 
contain- 


closely 


Sludges prey iously 


substrate 


Growth became negligible 


nitrogen sludge 


shows 
these low 
concentrations the 
level were very low. 
absence 


coneentrations In another 
effect of 


sludge 


ment, the 
concentration on was 
with 


ing 6.5 p.p.m. phosphorus. 


determined a substrate 


The results, 
in terms of percentage increase in sol 
ids as a function of solids concentra 
from 


tion, are shown in Figure 3, 


containing different amounts of phos which it can be seen that the percent 
phorus age increase in aeration solids at con 
“ © SYNTHETIC SUBSTRATE WITH 6.5 PPM. POg-P 
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FIGURE 3.—Effect of aeration solids and phosphorus concentration on sludge growth. 
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centrations of from 200 to 500 p.p.m. 
would be relatively great in a sub- 
strate containing adequate phosphorus. 
Since the percentage growth in the 
tubes containing less than 2.0 p.p.m. 
was below normal, it may be concluded 
that a factor other than suspended 
solids concentration was responsible. 
The absence of growth must thus be 
attributed to the low concentration of 
phosphorus in the sewage. 

As the phosphorus content in the 
substrate was increased to between 0.8 
and 1.0 p.p.m., sludge growth increased 
rapidly, B.O.D. removals became 90 
per cent or greater, nitrogen removal 
reached a maximum value of about 53 
per cent of input, substrate organic 
nitrogen was readily converted to in- 
organic forms of nitrogen in the efflu- 
ent and to organic nitrogen in the 
sludge, and phosphorus uptake re- 
mained complete while the phosphorus 
content of the sludge inereased to 1.0 
per cent. When the phosphorus level 
in the feed was still further increased, 
the rate of sludge growth leveled off, 
and the other parameters, with the ex- 
ception of sludge phosphorus content, 
remained unchanged. At 5.4 p.p.m. of 
substrate phosphorus, the phosphorus 
content of the sludge was 1.8 per cent. 

The ‘‘phosphorus requirement’’ of 
activated sludge may be considered as 
the minimum phosphorus concentration 
necessary to obtain a maximum removal 
of B.O.D. Under the conditions of 
this investigation, the phosphorus re 
quirement, in accordance with the fore 
going definition, was 0.8 p.p.m., or 0.44 
lb. per 100 Ib. of B.O.D. removed 
This requirement is in no sense a fixed 
related to the rate 
of development of sludge solids, which 
in turn is related to the applied B.O.D. 
the aeration solids 

The requirement increases 
when loading conditions result in high 
rates of sludge accumulation. Thus, 
short aeration periods and low sus- 
pended solids levels would result in 
high rates of sludge accumulation and 


quantity, but is 


and to concen- 


tration. 
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require more phosphorus. Conversely, 
by increasing the aeration period or 
aeration solids concentration, the phos- 
phorus requirement may be expected 
to decrease, since a greater portion of 
the B.O.D. will be removed by oxida- 
tion rather than by synthesis of new 
cell material. It should be noted that 
the phosphorus uptake by an activated 
sludge may exceed its ‘‘requirements’’ 
if the phosphorus level is more than 
adequate to maintain a_ satisfactory 
B.O.D. removal. An example of this 
relationship is the sludge which re 
ceived 5.4 p.p.m. phosphorus and used 
but apparently did not require, 2.¢ 
p-p.m. to effect a B.O.D. removal of 
95 per cent. Similar examples may be 
found in the literature (2). 

The observations on sludge appear 
ance suggest the possibility that bulk 
ing may be associated with a phos 
phorus deficiency. The major B.O.D 
contributing element of the feed is 
starch. Ratios of starch to phosphorus 
of 2,000 or greater existed in the phos- 
phorus-deficient tubes. The starch to 
nitrogen ratio was less than 10. High 
of carbohydrates in 
sewage have often been associated with 
activated sludge bulking. On the basis 
of this would appear that 
bulking may be due not only to a large 
amount of carbohydrate, but also to a 
deficiency of phosphorus relative to the 
carbohydrate 

The rapid recovery of the phos 
phorus-deficient sludges when ade 
quate phosphorus was available is fur 


concentrations 


work, it 


ther evidence of the essential role 
played by phosphorus in_ biological 
treatment processes. 
Summary and Conclusions 
The effect of phosphorus on the 


characteristics of activated sludge was 
studied by observing, over a 4-month 
period, the behavior of sludges devel- 
oped on a synthetic sewage to which 
varying amounts of phosphate phos- 
phorus had been added 
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The following conclusions appear 
justified : 


1. Phosphorus’ deficiencies cause 
marked changes in the physical and 
chemical character of activated sludge 
solids. Most significant is the tendency 
for phosphorus-deficient systems to pro- 
duce sludges having poor settling char- 
acteristics with a predominance of 
filamentous organisms 

2. In the complete absence of phos 
phorus, the development of an acti- 
vated sludge is not possible When 
phosphorus is present in suboptimal 
concentrations, growth of sludge solids 
is retarded and B.O.D. removal is re 
duced 

3. A phosphorus deficiency results in 
reduced nitrogen utilization. This re- 
flects the reduced rate of sludge 
growth and the concomitant lesser need 
for nitrogen. 

1. The phosphorus requirement of an 
activated sludge system may be de- 
fined as the minimum concentration 
of phosphorus permitting maximum 
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B.0O.D. removal without causing an 
impairment of the sludge settling 
characteristics. This requirement de- 
pends primarily on the rate of sludge 
growth, which, in turn, is dependent 
on B.O.D. loading and aeration solids 
concentration. 

5. At a B.O.D. loading of 15.8 Ib 
per day per 1,000 cu. ft. of aeration 
capacity and a suspended solids con- 
centration of 1,500 p.p.m., the phos- 
phorus requirement was 0.8 p.p.m. 
This corresponds to a B.O.D. to phos 
phorus ratio of 238, or to 0.44 lb. of 
phosphorus per 100 lb. of B.O.D. re- 
moved 
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II. Principal Devices Used f 
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Flow in sewer systems is usually in 
conduits partly filled, although it may 
be under pressure in pipes. Likewise, 
flow in sewage plants may be in open 
channels, or in partly full conduits, 
or in pipes under pressure, 

Devices which measure flow in open 
or partly full conduits are based on 
a determination of the velocity of flow 
or some function of it for a known 
area. The function 
usually determined is the head (height 
of liquid level) above the device and 
these devices are called head-area 
meters, as will be understood from the 
discussion which follows. 

Devices which measure flow under 
pressure are known as functional 
meters, of which there are several, as 
pointed out previously. These devices 
also measure some function of velocity, 
as is shown later. 


cross-sectional 


Head-Area Meters 


Measurement of flow in open chan- 
nels may be performed either on a 
temporary or on a permanent 
Temporary operations are usually con 
fined to sampling studies on intercep- 
tors, industrial 
conduits in a plant. Permanent in- 
stallations are usually made on plant 
influent lines, tributary sewers, and 
industrial waste outlets. 


basis. 


sewers, wastes, or 


* Presented at 1954 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 21-22, 1954. 

Part I appeared in Jouruat, 27 2, 
148 (Feb., 1955) 


W etrs 


A weir (Figure 2, Part 1) consists 
of a bulkhead or dam containing a re- 
cess or notch, through which the sew 
age flows to fall freely to a level below 
the crest of the weir; that is, below 
the bottom of the recess or notch. 
Weirs are generally used for flow 
measurement on a temporary basis in 
sewers, etc. 

Weirs may be of four general shapes: 
rectangular, V-notch, trapezoidal (the 
Cipolletti weir is trapezoidal with the 
sides of the notch sloping 4 vertical to 
1 horizontal), and Sutro (proportion- 
ing weir). Weirs are generally sharp- 
crested so that the liquid will break 
cleanly from the crest (Figure 9), al- 


though broad-crested weirs may be 
used. 
The height of the surface of the 


liquid above the weir crest is a fune- 
tion of the velocity of the liquid, and 
therefore a function of rate of flow, 
since the cross-section of the weir is 
pre-determined. The point at which 
this height (head, h) is measured 
must be upstream from the weir a 
distance of at least three times the 
maximum head to be expected. The 
reason is apparent from Figure 9, 
which shows how the liquid ‘‘drops”’ 
over the weir 

Determination of the head may be 
made in several ways: (a) a staff gage 
or rule, the zero mark of which is level 
with the crest of the weir; (b) a float 
gage; (c) a plumb bob on measured 
line lowered from a reference point 
until the tip just ripples the flowing 


283 


% 
4 
; 
| 
4 
} 
ang 
| 
} 
; 
= 
= 
a 


Crest 
Weir Plate Sharp Cres 


SEWAGE AND INDUSTRIAL WASTES 


March, 1955 


FIGURE 9.—Flow over sharp-crested weir. 


a hook gage, by which 
is 


or (d ) 
(metal 


surtace 


a point hook ) raised from 
beneath until the point just breaks the 
For float, staff, or hook 
where the flow is turbulent, a 
stilling well may be used, as with the 
Parshall flume (Figure 12) 
Substitution of the value of A in the 
proper formula for a particular weir 
will give the rate of flow. For ex 
ample, for the rectangular weir, one 


urface 


gages 


formula is 


Q = 3.33 Lh wh (3) 
in which 
Q = Flow, in cu. ft. per sec. ; 
L Length of weir, in ft.; and 
h Head, in ft. 


There are several other weir formulas 
also in use 

Rectangular weirs may be con 
structed in ways (Figure 10); 
with ends sharp-edged so that the liq 


two 


uid flow contracts as it passes through 
(called a contracted weir)or with the 
ends smooth to allow full flow of the 
liquid (called a suppressed weir). If 
a contracted weir is used, the value of 


End Contractions 


L. must be multiplied by a factor to 
obtain the true value of L and hence 
the correct value of Q. (Use 0.1h less 
than 1.0 for contraction. Ree- 
tangular used for 


each 
weirs are seldom 
measuring small flows. 

The V-notch weir is best suited for 
small flows and the angle of the notch 
or 60°. Other angles, 
as 15°, may be used for ex- 
tremely small flows. The formulas for 
triangular weir flow measurement are: 


is commonly 90 
as low 


90°—G = 
60°—G = 


2.284 (h)5/? 

3125 (h)*? 

in which @ is flow in g.p.m. and A is in 
inches, 


The trapezoidal particularly 
the Cipolletti weir, may be used where 
the channel is large or where the head 


welr, 


cannot be great with respect to the 
width of the weir. 
For greater accuracy of measure 


ment, all weir formulas need to be cor 
rected for friction, contraction, and 
other factors. Fortunately for the av 
erage operator, tables and charts (1) 
2) are available to give a quick means 


Suppressed Weir 


FIGURE 10.—Contracted and suppressed weirs. 
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of determining Q if the head over the 
weir is known. 

For large sewers and conduits, where 
the construction of weirs is impossible, 
flow measurement is made by determin- 
ing the velocity of flow between two 
points at different elevations of flow, 
and caleulating a curve relating flow 
quantities to depth of flow. Such a 
flow curve is based on the Chezy 
formula: 


V=CVRs (4) 


in which 


V = Mean velocity, in feet per second ; 
R = Hydraulic radius, or ratio of cross- 
sectional area of the stream to the 
wetted perimeter (See Figure 11) ; 
Slope of the hydraulic grade line 
or slope of the water surface ; and 
- A coefficient which varies with V, 
R, and s according to Kutter’s 
formula, wherein n, a factor of 
roughness of conduit surface, is 
introduced. Kutter’s n ranges 
from 0.01 for very smooth sur- 
faces to 0.035 for very rough sur- 
faces 
Another popular variation of the 


open channel flow formula is the Man- 
ning formula: 


V = 


5) 


1.486 
n 


in which n is the same as Kutter’s n 
Application of these formulas has been 


Hydraulic Radws = 
Wetted Perimeter 


Wetted Perimeter 
FIGURE 11.—Concept of hydraulic radius. 
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greatly simplified by alignment charts 
or nomograms (3)(4), which are easy 
to use. Formulas for open channel 
flow are not exact, but they do give a 
good approximation if the conduit or 
channel is well constructed. 

The fundamentals of weir and flow 
measurement in open channels are to 
be found in works literature 
(1)(5) and in standard texts on hy- 
draulies (6)(7)(8). Weirs are recog 
nized as inexpensive and simple de- 
vices, which, however, have definite 
limits of use. Settleable solids, float 
ing matter, and stringy material tend 
to deposit from liquids, either in the 
approach area or on the crest of a 
weir itself. When this oceurs, the 
flow formula for that particular weir 
no longer holds and data obtained from 
it will be in error. 


sewage 


Parshall Flume 


The Parshall flume is a widely used 
head-area type of meter. It is an 
adaptation of the Venturi flume, which 
was an adaptation of the Venturi tube 
principle to open channel flow measure- 
ment. Parshall flumes require exact- 
ing construction limits, which keep 
costs high. 

The Parshall flume consists of an 
entrance section with converging walls 
and level floor, a constrieted throat 
section with parallel walls and down- 
stream sloping floor, and a recovery 
section with diverging walls and a 
rising floor (see Figure 12). A stilling 
well and tap are placed in the con- 
verging section at a point two-thirds 
of the length of the converging see 
tion, above the crest of the flume. The 
tap is at right angles to the wall and 
at the level. Dimensions of 
Parshall flumes must be held to close 
tolerances 
of this liners are 
often used for the approach and throat 
sections. 


invert 


To improve the accuracy 
measuring device, 
These liners are of corrosion 
resistant material 

Parshall flumes are most useful 
where a minimum head loss through 


: 

; 
be 

& 
a 
% 
: 
- 
+++ + 
he 
ok 


SEWAGE 


AND INDUSTRIAL 


WASTES March, 1955 


‘ crest] ™ 


FIGURE 12.—Plan and profile of Parshall flume. 


is available, but their ac 
on the downstream 
elevation (head above the floor) being 


the device 


curacy 


depends 


held to less than a definite percentage 
of that Under conditions 
of free flow the elevation of the liquid 
downstream has no effect on the rate 
Under conditions of sub 
the 
to cause a back- 
flow through the 
retarded. 

Parshall flumes are cali 


upstream, 


of discharge 


merged flow, where downstream 


elevation is sufficient 
ingup, the rate of 
flume will be 

Meters for 
brated for free flow conditions and will 
not correctly measure submerged flow 
than certain The de 
gree of submergence is determined by 
H, at the up 
stream tap, and H, at a tap located 
2 in and 3 in. vertically 
above the intersection of the plane of 
the throat floor and the plane of the 
diverging floor 

For degrees of submergence greater 
than 70 per cent (H,/H, =0.7) in 
flumes of 1- to 8-ft. throat width, and 
60 per cent for throats less than 1 ft 
wide, the readings will be 


vreate! limits. 


measuring two heads 


upstream 


section 


observed 


incorrect and special correction factors 
must be applied. 

For sewage works that contemplate 
in flow the years, a 
flume can be constructed of 
ultimate dimensions and smaller, re 
movable approach and throat sections 
installed for low flows. Nested remov- 
able sections can be used to provide 


increases over 


Parshall 


gradually increasing ranges, but gages 
must be calibrated for each size throat. 
Basic data on the Parshall flume have 
been published (9) 

Flow Nozzle 


Flow nozzles (Figure 13) are speci- 
ally constricted outlets for placement 


) 
FIGURE 13.—Discharge profile of 
Kennison nozzle. 
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at the end of a pipe flowing partially 
full and must discharge to a free fall. 
The design of the constriction is such 
that the head (depth) of the liquid 
within the nozzle bears a definite re 
lation to the flow. 

Two types of nozzles are available. 
In one (Figure 13) the head has a 
direct straight-line relation to flow; 
that is, every unit increase in flow 
produces the same increment in head. 
In the other, the relationship between 
head and flow is a parabolic curve; 
that is, each unit increase in flow 
produces a smaller increment in head. 

There are other major differences 
between the two devices, both in con- 
struction and field installation, but 
both require a free fall and the loss 
of head through the device will be at 
least one pipe diameter. Flow nozzles 
require a length of straight pipe im- 
mediately preceding the nozzle and the 
slope of the approach pipe must not 
exceed certain limits for different size 
nozzles. If this slope must be ex- 
ceeded, the length of straight-run pipe 
ahead of the nozzle must be increased 
by an appropriate factor. 

Flow nozzles are factory-calibrated 
and have good accuracy over a wide 
range of flow. Where abnormal in- 
stallations exist, calibration should be 
under conditions identical with field 
conditions. A connection can be made 
to the nozzle through a sediment trap 
to attach a direct-reading level gage or 
through a float well or pressure pipe 
to other types of mechanical gages. 

Flow nozzles (available up to 36-in. 
diameter) normally are self-scouring 
and will pass relatively large solids 
without clogging. Use of flow nozzles 
for heavy sludge, however, is not rec- 
ommended unless calibration is for such 
use. Any deposition will alter the con- 
tour of the nozzle and its flow charac- 
teristics. For this reason the top of 
the nozzle is left open for inspection 
and cleaning in case some peculiar 
condition of operation causes a depo- 
sition. 
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Differential Head Meters 


The most popular and most accurate 
flow measuring devices are the differ- 
ential producers. These function by 
means of some form of constriction in 
the device, which causes a change in 
velocity of flow accompanied by a 
change in pressure (head), which 
change bears a definite relation to the 
rate of flow. 


Fundamentals of Flow Relations 


In order to understand the fune- 
tioning of differential head meters, it 
is necessary to elaborate on the general 
concept of flow and to explain some 
of the fundamental relationships ex 
isting in fluid flow (10). 

A liquid has energy (capacity to do 
work) because of its elevation, ve- 
locity, pressure, or any combination of 
these. Each of these sources of en- 
ergy may be expressed in terms of 
equivalent head in feet (or p.s.i.) and 
each can be converted into the other 
two. 

If a liquid flowed through a smooth 
pipe without friction, the sum of the 
three forms of energy, or total head, 
would remain the same at all points in 
the pipe, even if the diameter or eleva 
tion of the pipe changed. 

The word “‘head”’ is used frequently 
in flow measurement and the various 
kinds of head must be understood. 
Potential energy, or energy of position, 
of a liquid is due to its elevation above 
some point. The height above that 
point is ealled elevation head 

When a liquid flows in a pipe, a part 
of the total head is converted into 
kinetic energy (energy of motion) 
capable of lifting the liquid through 
a height called the velocity head. If 
there were no friction, liquid flowing 
through a pipe between two elevations 
would have the same velocity as a 
body falling freely between those same 
two elevations. The energy of velocity 
will lift a liquid in a Pitot tube to the 
height of the original elevation (less 
friction) or to the difference between 
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the elevations of the liquid in Tanks I 
and Z in Figure 14 

Pressure head is equivalent to the 
pressure per unit of area exerted on 
he walls of the pipe. It is equal to 
the difference in elevation between the 
hydraulic grade line and the center- 
line of the pipe (Figure 14). 

Total head at any point in a system 
is equal to the sum of the elevation 
head, pressure head, and velocity head. 

l'riction head is the loss of head due 
to friction, turbulence, pipe roughness 
valves, elbows, and fittings, and frie 
tion forces when water flows from one 
point to another. In Figure 14, the 
friction head is the difference in total 
head at points 1 and 2. Also shown 
in this figure is the hydraulic grade 
line, which is a line, in any selected 
plane, connecting all points represent 


ing pressure head in any system 


Theory of Differential Meters 


In any pipe, regardless of friction 
or variations in the cross-sectional area 
of the pipe, an equal quantity of water 
must pass all points during the same 


time interval. This is known as con 
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tinuity of quantity and is fundamental 
in the functioning of any differential 
head meter. 

If a constriction is substituted for 
the pipe in Figure 14, as is done in 
Figure 15, and piezometer tubes are 
installed at points 1, 2, and 3 and a 
valve at the outlet to Tank 2, the 
theory of a differential head meter 
may be demonstrated. With the valve 
closed, there is no flow and the liquid 
will stand in the piezometer tubes at 
the same elevation as the free surface 
in Tank 1. 

When the valve is opened, the differ 
ence in elevation between the two tanks 
will cause flow from Tank 1 to Tank 
2. Part of the total head will be con 
verted to velocity head at point 1 
Since an equal quantity must pass 
both throat and inlet during the same 
time, the velocity at the throat will 
have to increase proportionately to the 
decrease in area. At the same time, 
as the velocity increases, the velocity 
head increases and hence pressure 
head decreases; the greater the ve 
locity, the lower the pressure head at 


the constriction 


Piezometer ca Pitot Tube 


Surtace h= 


h 
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FIGURE 14.—Head relationships 
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Therefore, the difference in pres- 
sure head or differential head (Hy, in 
Figure 15) between the inlet and the 
throat is a measure of velocity, which 
is a measure of rate of flow, with the 
flow varying as the square root of the 
differential (see ‘‘Conecept of Flow,’’ 
Part 1). The velocity 
is equal to \/2g h,, where h, equals dif- 


increase in 


ferential head and the flow formula 
then becomes 
Q = A V2gh,. (6) 


Head 


Loss of 


As previously pointed out, a liquid 
does not move from one point to an 
other without friction; therefore part 
of the pressure head is lost in move- 
ment of the liquid. In any differential 
head producer, there will be a decrease 
in pressure head, but a portion of that 
decrease will be recovered as the flow 
continues on through the line. Any 
constriction in a line the 
friction of flow and hence increases the 
loss in pressure head between the inlet 


increases 


and outlet (points 1 and 3, Figure 
15). It is possible to construct devices 
which can recover a substantial por- 
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Prezometer Pipes 


FIGURE 15.—Diagram of theory of differential head producer. 
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Mg 

Diff. Eley 

he, 


Los Head 


Total Head 


tion of the head decrease at the con 
striction, That head which cannot be 
recovered is called permanent loss of 
head 

Since permanent pressure 
head requires power to be overcome, a 
which creates the lowest head 
loss is desirable for flow measurement 


loss of 


device 


The smaller the constriction in rela 
tion to the original pipe size, the 


greater the head loss. Also, the smaller 
the constriction in relation to the pipe, 
the greater the differential pressure 
and the greater accuracy of 
measurement. This ratio of inlet di 
constriction diameter, or 
d/D, is known as the beta ratio, 8, and 
is expressed as a decimal. 


hence 


ameter to 


Venturi Tube as Differential Producer 


The Venturi tube is essentially a 
section of pipeline in which it is in- 
stalled to measure flow. In itself, the 
Venturi tube usually consists of several 
sections (see Fig. 16), including a econi- 
eal reducing section, a_ cylindrical 
throat section, and a divergent outlet 
cone, 

The inlet section consists of a short 
cylinder, A, and a truncated cone, B. 
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Outiel se 


FIGURE 16.—Elements of Herschel standard (long) Venturi meter tube. 


lhe inlet section usually contains a 
piezometer ring or annular chamber 
also called an annulus), which serves 
as a means of obtaining the average 
pressure of the fluid at the upstrean 
pot 
The throat section follows the inlet 
section and 4} the most constricted 
part A piezometer ring or annular 
chamber also surrounds the throat see 
tion to serve as a means of obtaining 
the average pressure at that point 

The outlet section may be of one or 
more castings; it follows the throat 
section and is essentially a long trun 
cated cone, which gradually returns to 
the original size of the pipe line 

The details of design and relations 
of one section to another, together 
with the angles involved, lengths, ete 
are shown in Figure 16. A variation 
of the standard Herschel (or long) 
tube is a short tube which has an out 
let cone about one-half as long as that 
of the long tubs While the length is 
shorter, the non-recoverable head loss 
is greater. It is the recovery section 
with its gradual return to normal pips 
size which gives the high recovery of 
pressure head of 87 to 90 per cent 


found in the long form Venturi tubes 

Besides the simple determination of 
the differential head, there are two 
other factors to be considered in meas 
urement with a differential producer 
such as the Venturi tube. These fac 
tors are the velocity of approach and 
friction. In a pipeline, flowing liquid 
has a certain velocity of approach as 
it reaches the inlet section of the de 
vice. At the constriction, then, it has 
a velocity due to the constriction, plus 
the original velocity. It is therefore 
necessary to correct observations of dif 
ferential head for this velocity of ap 
proach factor, and this is done through 
a table of values related to the beta 
ratio, d/D (10). This velocity of ap 
proach factor is expressed as 1/\/1-f*. 

The other factor, friction, causes the 
apparent value of the flow to be lower 
than the theoretical value indicated by 
the observed differential. For this 
reason, each Venturi tube has a dis 
charge coefficient, C, to correct the 
observed value to the actual value 
Depending on throat velocity and 
measuring range, the value of C for 
various sizes of Venturi tubes will be 
between 0.96 and 0.99 For other 
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than exact caleulations, an average 
value of 0.98 may be used. 

The accuracy of the Venturi tube 
will normally be in the range of + 2 
per cent, but greater accuracy can be 
obtained if the tubes are University 
calibrated. The formula for Venturi 
tube measurement evolved from con- 
siderations of the concept of flow, pres- 
sure, velocity, and the necessary cor- 
rection factors becomes 


Q AC V29 Hp (7) 
vl — 

where Q is in cu. ft. per unit time, A 
is in sq. ft., C is the coefficient of dis- 
charge, 8 is the diameter ratio (d/D), 
and hp is the differential head in feet. 
By the use of proper additional nu- 
merical factors, this formula can be 
converted into gallons per unit of 
time. 

For special applications, special 
forms of Venturi tubes are available 
in addition to the long and short forms. 
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When a Venturi is to be used for 
metering sludge, the annular ring is 
eliminated and replaced by single-hole 
taps at the inlet and throat, and these 
are flushed continuously with fresh 
water. Venturi tubes with flat inverts 
for liquid with high solid content are 
also available, as is a tube constructed 
to meter flows in either direction. 
Flow Tubes 

A new Venturi-type differential pro 
ducer is also available. Known as the 
Dall flow tube (Figure 17), it is an 
accurate primary device having less 
permanent head loss than any known 
type of velocity-increasing differential 
producer. The Dall flow tube consists 
of a flanged cylindrical body designed 
with a short straight inlet section 
terminating with an abrupt decrease in 
diameter, or ‘‘inlet shoulder,’’ which is 
followed by a conical restriction and a 


diverging outlet separated by a nar- 
row annular ring or throat, into which 


FIGURE 17.—Cutaway section of Dall flow tube. 
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Thin Plate Orifice Showing Effect on Pressure 
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FIGURE 18.—Thin plate orifice and various types of taps. 


opens a single pressure hole tap A 
single-hole pressure tap also exists at 
the inlet. Both pressure taps are con 
tinuously flushed with clean water to 
prevent plugging from solids in sewage 
or sludge. For measuring flows of lig 
uids containing no solids, the annular 
ring throat is a narrow gap, called a 
‘*slotted throat annulus.’’ 

The Gentile tube is another Venturi 
type differential producer, in which 
there is a slight constriction in the line 
Pressure nozzles or ports exist in the 
wall of the constriction. These ports 
face in opposite directions and the 
effect is somewhat similar to the mul 
tiple-port Pitot tube. Because of the 


type of construction and size of the 
ports, the device has limitations for the 
measurement of flow of liquids which 
carry solid matter in suspension 


The Orifice 


The orifice is probably the oldest de 
vice for measuring or regulating fluid 
flow, having been used in Caesar’s 
time (1] The orifice is a thin flat 
plate, having a hole in it, inserted in 
the pipe. The hole in the orifice plate 
may be a circular opening at the center 
of the plate (concentric), or a circular 
opening tangent to the inside wall of 
the pipe (eccentric). A variation of 
the orifice is a segmental opening 
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bounded by the inner wall of the pipe 
and a chord of that circle (segmental ) 

The concentric orifice, the most com- 
mon type, is shown in Figure 18, which 
also shows the pressure characteristics 
and the various locations of the taps. 
There is a slight build-up of pressure 
just before the orifice, a sudden drop 
on the downstream and a con- 
tinued drop recovery starts. 
The point of minimum pressure (maxi- 
mum velocity) is known as the vena 
contracta. 


side, 
before 


Take-off points or taps for determin- 
ing the differential pressure may be 
located at five different places (Figure 
18). These are known as flange taps, 
radius taps, vena contracta taps, pipe 
taps, and corner taps. Each will pro- 
duce a slightly different differential 
head and each will have a slightly dif 
ferent factor introduced into the gen- 
eral formula of differential head pro 
ducers (Eq. 

Flange taps are located in the flanges 
between which the orifice plate is 
mounted and require no drilling of the 
flanges, but taps must be drilled 
through the pipe wall after assembly 
of the flange to the pipe. Radius taps 
are located at fixed points upstream 
and downstream from the orifice and 
require careful drilling. Once in- 
stalled, radius taps need not be relo- 
cated when an orifice size is changed. 
Vena contracta taps also require care 
ful drilling and must be located at 
fixed points for any given beta ratio. 
If the orifice plate is changed, they 
require relocation 

Caution is necessary in the location 
of orifice plates; they must be placed 
in a straight run of pipe with no fit 
tings for 10 to 15 pipe diameters up 
stream and about 5 pipe diameters 
downstream. If swirls or spirals exist 
in the flow stream as it approaches the 
orifice, longer lengths of straight run 
pipe are required or 
vanes must be used. 


straightening 
(Spiral flow can 
be caused by elbows in different planes 
or by pumps and other conditions. ) 
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Orifice plates, like weirs, are in effect 
dams, behind which solid particles will 
deposit from liquids containing settle- 
able solids. 

The head loss of orifice plates ranges 
from approximately 40 to 90 per cent 
of the differential (that is, the recov 
ery is 10 to 60 per cent) depending on 
the beta ratio (orifice diameter divided 
by pipe diameter). 

Insert Nozzles 

Another form of constriction for 
producing differential head is the in 
sert nozzle, which consists of a con- 
centric throat section smaller than the 


ASME LongRadius Nozzle 
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Venturt Nozzle 


Insert Nozzle 


FIGURE 19.—Types of nozzles. 
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pipe size, inserted in the pipe. (Fig- 
ure 19). The simplest form, the ASME 
long-radius nozzle, is in effect an ori- 
fice plate with a cylindrical nozzle of 
the same diameter extending for a short 
Non-recover- 
loss of head in this 
type of differential producer is almost 
as great as in the orifice and it has the 
same that solid par- 
ticles will lodge on the upstream side 
or may build up on the edge of the 


distance beyond the dam 


able | permanent ) 


disadvantages 


opening. 

There are several variations of the 
insert nozzle type of differential head 
producer, all designed to reduce the 
head. These in- 
clude the Venturi flow nozzle, and the 
flow Nozzles 


permanent loss of 


Schlag-J orissen tube. 
have been used for sludge measurement, 
but most applications of the nozzle 
type of differential head producer are 
in fields other than sewage treatment 
A Saran-lined or stainless steel Venturi 
nozzle be used 


may for metering or 


controlling the flow of corrosive wastes. 


Selection of Primary Units 


The device which actually measures 
the flow of a fluid is called a primary 
unit (weir, Parshall flume, open nozzle, 
Venturi tube, Dall flow 
etc.) The primary unit is only one 


tube, orifice, 


of two parts of a metering device. Be- 
fore discussing the secondary unit, it 


is desirable to comment on factors in 


the selection of primary units. For 
permanent installations, weirs are in 
frequently used in sewage works. The 


following paragraphs are devoted only 
to the other principal primary units 
Factors which have a bearing on the 
selection of the primary unit include 
type of service, engineering considera 
tions, installation conditions, accesories, 
comparative characteristics, and opera 


Not all of the fac 
mentioned 


tor’s convenience. 


tors and items hereafter 


apply to all of the types of primary 


units; where they do apply, however, 
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full consideration must be given to the 
evaluation of each factor. 


Engineering Considerations 


Engineering considerations include 
such factors as allowable loss of head; 
throat size of the constriction; accept- 
able differential upstream 
and downstream flow conditions; type 


pressure ; 


of fluid to be measured; laying length 
of the unit (that is, length of pipe it 
will replace in the line) ; types of ends 

flange, bell-and-spigot, concrete coup- 
ling) ; distance to secondary unit; type 
of unit to transmit the measured data 
to the secondary unit; corrosion re- 
sistance required; cleanouts, inspec- 
tion holes, and manholes; and construe- 
tion costs as affected by pits for float 


tubes, forms for flumes, ete 


Installation Factors 


Installation factors must consider the 
position of the device (vertical or hori- 
zontal), piping arrangements, vaults, 
and possible by-pass installations. 
Accessories required might consist of 
straightening vanes, 


(intermittent or continuous), 


devices 
vents, 
vent cleaners, air chambers, floats, float 


flushing 


tubes, sediment traps, seals, ete. 


Comparative Characteristics 


Comparative characteristics of flow 
measuring devices must consider ac- 
curacy, low cost, high capacity, range, 
permanent loss of head, life expectancy, 
uitability for solids-bearing liquids, 
freedom from field tapping, freedom 
from upstream disturbances, ability to 
handle high pressures, and ease of in- 
stallation. Table II shows a compari- 
son of these various factors on a per 
centage basis, with 100 per cent repre 
senting presence or availability of the 
desired than 
100 per cent representing the degree 


characteristic and less 
to which the characteristic is available 
compared to best The 
relative, not absolute. It 


obtainable. 
values are 
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hould be remembered that the char 


acterist Recovery of Differential 
Head that recovery of pressure 
drop) for differential producers is a 
direct measure of power losses and 


operating costs where pump- 


Table IT is an 


ing involved 
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adaptation of a similar table originally 
prepared by Miner (12) 


Part IT] to be published in the 
April 1955 issue, presents and discusses 
secondary instruments and their selec- 
tion, as well as controls, operating prob- 
lems, maintenance, ete.—Ed 


C. C. RUCHHOFT PASSES 
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ing Center 


sanitation 
rineer with the USPHS 
Taft Sanitary 
until his retirement 


rn July 1, 1954, 


Engineer 
due to il! 


died on January 19 


1955 
Mr. Ruehhoft joined the USPHS Lab 
itor in Cineinnati immediately after 
rraduating in 1921 from the University of 
Minnesota where he reeeived a B.S. de 


in Chemical Engineering. Except 
1924-35, headed 
the Bacteriology Din ion of the Sanitar 
Dist t of Chicago, he had 
USPH Laboratory in Cincinnati in va 

| then 
which time he was Chief of the 
Physics and Chemi try Section 

A prolifie author, Mr. Ruchhoft had 
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been with the 


rious capacities fron until his retire 
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he flelds of tream pollution, sewage dis 
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Industrial Wastes 


BIOLOGICAL PROPERTIES AND BEHAVIORS OF 
CYANOGENIC WASTES * 


By Cuarues E. Renn 


Professor of Sanitary Engineering, The Johns Hopkins University, Baltimore, Md 


This paper presents a summary of 
experiences with a variety of cyano- 
genic The work has attempted 
to the interaction of waste 
bearing waters and the environment 
in terms of waste disposal design re 
In this, the approach is 
somewhat more critical than that com- 
monly taken by fisheries biologists, 
conservationists, and others who have 
been concerned with the ‘‘ preventive’’ 
aspects of waste disposal. 

The first phases of the work were de 
signed to discover the tolerable limits 
of certain waste components to fresh 
fish. This undertaken in 
1950; in the interval the composition 
of the wastes has been greatly modified 
but the tolerances to 
cyanide, to lactonitrile, and to acry 
lonitrile 


wastes. 
evaluate 


quirements. 


water was 


the findings on 
are still pertinent, especially 
since these were conducted under con 
trolled conditions that precluded loss 

volatiles from the water system, and 

rmitted close observation of the test 
A brief review of the earlier 
literature will show that loss of cyanide 


1imals 


to the atmosphere has yielded widely 
tolerance data. 

It was found, under conditions that 
precluded loss of volatile toxic compo 
that young fresh-water fish react 


divergent 


nents 
to potassium cyanide concen 
trations exceeding 0.03 to 0.05 p.p.m 
N as ON These somewhat 


adversely 


lower 


27 


at 
of Sewage 
Cincinnati, 


* Presented th Annual Meeting, Fed- 
and Industrial Wastes 


Ohio; Oct. 11-14, 1954. 


eration 
Assns. ; 


limits apply under conditions of opti 
mum oxygen concentrations (5 p.p.m 
D.O. or higher) and in hard 
waters. 

It that lactonitrile, 
although showing markedly lower acute 
toxicity than eyanide in 
alkaline water, yielded tolerance values 
only slightly less than those for po 
tassium cyanide, 


alkaline 


also was found 


potassium 


The most significant experience, how 
ever, relates to the action of acryloni 
trile. Quite contrary to the general 
opinion existing at the time of the 
it was found that small fish 
tolerated much higher concentrations 
of acrylonitrile than they 
could tolerate as cyanide or lactoni 
trile The that the 
tolerable 10 p.pam 


studies, 
nitrogen 


studies indicate 


range lies near 


acrylonitrile nitrogen 
Tolerance Bio-Test Technique 


In the 1951 


seven 


studies, the behavior of 
of fish available 
in the hard-water streams and ponds 
near the U.S. Fish and Wildlife Serv 
ice Fish Hatchery Research Station at 
Leetown, W. Va The 
species used as test animals in the ex 
I, to 
the symbols applied to 
each in graphic data from experiments 
described later herein. For identifica 
tion it is to be noted that 
symbols are used to indicate 


Spe cles 


young 


was examined. 


periments are given in Table 


gether with 


purposes 
*fopen’’ 


experiments with closed, continuous 
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Lepomis machrochirus | Bluegill 
blue sunfish 
White crappie 
Yellowbelly, 
breast sunfish 


Pomozt ann ularw 


Lepomis auritus 


Notemigonus crysoleucas 
VM ropleru 


| Golden shiner, ro 
sal moides 
Pin ephale 


Vi 


omela 


Blackhead minno 
| Smallmouth bass, 


roplerus dolomieu 


flow dynamic and black 
symbols are used to indicate 
A total 
of 21 aquarium-type experiments and 
21 constant-flow, 
tion-lype 
these fish 


Aquarium 


systems, or 
‘falosed’ 


aquarium-type experiments. 


constant-concentra 
experiments were run with 
tests using relatively 
large volumes of water (approximately 
20 1. of water 10 fish of about 3 
g. each) were run as preliminary 
tests. Aeration applied to 
these tanks appreciably reduced their 
cyanide with that 
in closed systems 
were applied to concentrations found 
tolerable in the fixed aquaria 


per 
screening 


ontent time, so 


constant-flow tests 


SAMPLE FOR 
ANALYS'!5 
2 


Largemouth black 


INDUSTRIAL 


bluegill sunfish, 


WASTES March, 1955 


TABLE I.—Experimental Fish Species and Symbols Used 


Symbol 
mmon Name Aquarius 
bream, blue bream 
ellowbelly sunfish, redbelly, red 
x 
ch, bream nN 
fathead minnow ? 
amallmouth black bass | A 


The mechanical design of the con 
stant-flow, constant-concentration sys- 
tems is shown in Figure 1. Here the 
cold water from a 15° C. spring supply 
is first aerated and then heated to 25 
©. to fit the temperature requirements 
of summer pond acclimated fish. The 
aerated water flows from a constant- 
head orifice control, through the closed 
aquaria submerged in the heating sys- 
tem, at the rate of 15 1. per hour, a 
rate sufficient to meet the respiratory 
requirements of 10 small fish in the 
2-1. system. The test wastes 
pumped the dilution-water 
stream set of metering 
pumps reservoirs bearing 


closed 
into 
through 

fed 


are 
a 


from 


LINES TO THERMOSTAT CONTROL 


FIGURE 1.—Design of constant-flow, constant-concentration system for laboratory tests. 
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waste concentrations made up to yield 
the desired test concentration about the 
fish. Samples for dissolved oxygen and 
cyanide content are taken after passing 
through the test vessel. Note that there 
is no aeration of the test chamber, and 
that there is no air-water interface in 


this part of the system. 


Toxicity of Cyanide—Fish Tolerance 
to Cyanide 


Summary results of both aquaria 
and constant-flow, constant-concentra- 
tion tests of potassium cyanide are 
given in Figure 2. It may be seen 
that in eyanide, 100 per cent survival 
beyond 10 hr. is uncertain in flowing 
systems bearing the white crappie when 
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concentrations exceed 0.03 p.p.m. N, 
and that none of the test species sur- 
vive for 10 hr. at concentrations ex- 
ceeding 0.06 p.p.m. N as cyanide. The 
criteria of tolerance established re- 
quire 100 per cent survival of the 
group of 10 fish for 10 hr. or more. 
It is to be noted here that the plotted 
data show a sharp break in tolerance 
to continuous cyanide concentrations at 
about 0.05 p.p.m. N 


Cyanide and Lactonitrile Tolerances 
Compared 


The survival of young fish in dilute 
lactonitrile solutions indicates that the 
tolerance level to this compound lies 
only slightly higher than that of cya- 
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FIGURE 2.—Cyanide tolerance of test species. 
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FIGURE 3.—Lactonitrile tolerance of test species 


nide (Figure 3). Again, the data show 
a sharp break in survival time with 
rising concentrations, with critical con 
centrations of slightly more than 0.09 
p.p.m. N as lactonitrile. 

The existence of steep survival-con- 
centration gradients suggests that fish 
tolerate cyanide and __lactonitrile 
through successful physiological com- 
pensation. This is suggested, too, by 
comparing the acute toxicities of cya 
nide and lactonitrile nitrogen by exam 
ining Figures 4 and 5, which dem- 
onstrate the relationship between 
concentration and time of survival of 
50 per of each test group, and 
show lactonitrile to have an acute tox 
icity appreciably below that of potas- 


cent 


sium cyanide Both groups of data 
indicate a flattening curve in the range 


below 0.2 p.p.m N. 


Acrylonitrile Tolerance 


At the time these studies were car 
ried out the published literature on 
the toxicity and animal tolerance of 
acrylonitrile was in a very unsatisfac 
tory state; biologists in general were 
somewhat apprehensive, and this view 
was shared in the original design of 
these tests for fish tolerance. Daugh- 
erty and Garrett (1) established com 
parable tolerance values for acryloni 


trile and lactonitrile. It is interesting 


that their projection of aquarium-type 


fe 
| 
ke 
ty 
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test data established essentially the 
same relationships between lactonitrile 
and the less dissociated acrylonitrile 
that the author found. 

After some time it was learned that 
the test fish would tolerate relatively 
high continuing concentrations of 
acrylonitrile nitrogen; within the lim- 
its of these explorations, this was indi- 
cated to be in excess of 10 p.p.m. (Fig- 
ure 6), Secause of the caution ob- 
sufficient data were not se- 
cured at higher concentrations to com- 
pare the acute mortality levels of this 
compound with lactonitrile and cya- 
nide, and it can only be said that the 
tolerable level lies somewhere above 10 
and below 18 p.p.m. acrylonitrile N. 


served, 
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Disappearance of Cyanide in 
Anaerobic Soil Systems 


This leads to a second, less fully ex- 
plored, but intrinsically more interest- 
ing account of later studies. During 
the course of the toxicity studies vari- 
plant and lagoon effluents 
were received from the manufacturing 
process as it then existed. These dem- 
onstrated a considerable decline in 
over-all toxicity with lagoon holding; 


ous run 


in all cases the loss of toxicity was 
directly associated with loss of cyanide 
as shown in the Leibig analysis 
With long holding and with favor- 
able geography, lagooning appeared to 
provide a useful degree of waste re 
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FIGURE 4.—Fifty per cent survival time in KCN solutions. 
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FIGURE 5.—Fifty per cent survival time in lactonitrile 
solutions. 


duction. There was concern, however. 
that ecyanide-rich might find 
their way, via the subsoil, to potable 
water supplies. This led to a study of 
the behavior of relatively high concen 
of 
systems, such as might be expected to 
in the saturated subsoils below 
There was nothing in the 
literature to guide expectations at the 
time the studies were begun. A bat 


wastes 
trations cyanide in anaerobic soil 


exist 


lagoons 


tery of soil columns was set up and 


loaded with humus-rich top soils satu 
rated with 100-p.p.m. cyanide and po 
tassium cyanide solution. These tubes 
and connected to very 
small metering pumps that fed added 


were sealed 


potassium cyanide solution at the rate 
of roughly 90 ml. per day, a rate esti 
mated to yield approximately 2 
cent volume exchange per day. Ar 
rangements made to trap the 
cyanogenic effluents in strong alkali as 
produced, and to prevent the entrance 
of air into the system. 

The results of these simple tests 
were The first effluents 
yielded in 24 hr. were markedly lower 
in cyanide than the influent, or satu- 
rating liquors 
ate reduction 


per 


were 


striking 


There was an immedi 
from a measured 98 
p.p.m, in the influent 53 p.p.m. 
in the effluent. With time the cyanide 
concentration of the effluent declined 


to 
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rapidly to reach equilibrium value of 
roughly 0.4 p.p.m. at the end of 20 
days. This is shown in Figure 7, which 
represents the performance of one of 
the more active columns. 

Qualitative changes also were noted. 
After the second day of exposure, the 
color of the soil extract was appreci- 
able and it increased in density until 
at the end of the seventh and eighth 
days it became necessary to distill the 
sample for satisfactory colorimetric de- 
termination. In addition, gasification 
occurred within the columns, and the 
gases collected at the top of the closed 
systems to force out the effluent at 
rates higher than the metered displace- 
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ment. At the end of 30 days, the col- 
umns were taken down and soil sam- 
ples were distilled for residual cyanide 
content. This distillation was made at 
room temperature by forcing large 
volumes of clean air through the acidi- 
fied soil samples. Maximum cyanide 
concentrations were obtained at the 
top of the columns at point of entrance, 
ranging from 2 to 5 p.p.m. Soil taken 
from the bottom of the columns showed 
from 0 to 1 p.p.m. cyanide. The total 
it was possible to secure was less than 
5 per cent of the total concentration of 
cyanide anticipated from the wet con 
tent of the soil columns. 
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FIGURE 6.—Acrylonitrile tolerance of test species. 
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FIGURE 7,.—Loss of cyanide with 


Mechanism of Cyanide Breakdown 
in Soil 

No bacteriological studies were made 

of the soils at this 


teriologi al 


time, although bac 
activity was indicated by 


the presence of gas and by the strong 
It should 
be noted in passing that the liquors 
in the tem 
both init ally 
The influent 


tior containing 98 


buteric odor of the wet soil 


were strongly alkaline, 


and after soil passage 
potassium cyanide solu 
p.p.m. cyanide, 
howed a pli of 10.2; the irrigant pH 
ranged from 9.8 to 10.2 
Superficial biotests of the effluent 
from the anaerobic soil columns showed 
a substantial reduction in toxicity In 
the lowest dilutions tested (1 per cent 
of column effluents), the goldfish avail 
the test no evidences 
poisoning over a 48-hr. pe 
Analytical data indicated that it 


was in the range of 0.4 p.p.m 


able for showed 


of cyanide 


riod 


In an attempt to establish the mecha 


nism of cyanide loss in soil contact, 


potassium cyanide solutions were 


placed in contact with varying amounts 
of soil for varying periods of time; 


STRIAL WASTES March, 1955 


> 0 ¢ 
EN 
| 
| 
| 
| 
2¢ 25 40 
DaY 


soil passage; 50-day flow through. 


and the soil-cyanide solution systems 
were subjected to varying degrees of 
These 


that the loss of cyanide from sealed 


tests demonstrated 


agitation 


soil-liquor systems rose with increased 


amounts of soil and with time, and 
that the rate of cyanide loss also in 
ereased with agitation llowever, 
where small quantities of soil were 


used, substantially at the inocula levels 
(lg 300 ml. of liquor), 
very reduction occurred in the 


Figure 8) 


of soil per 
little 
sealed systems 

It was concluded that soil processes 
other than bacterial fermentation were 
ignificant in the breakdown of cyanide 
These 
based on the following observa 
First, high pH of the system 
near pH 10) may be expected to in 
hibit bacterial activity; second, the 
levels of cyanide applied (100 to 200 
p.p.m. CN 
Further, the changing rates of cyanide 
effluent 


columns are different 


systems studied conclusions 
were 


tions: 


are commonly bactericidal 


from the soil 
from those an 
ticipated in specialized bacterial fer- 
mentations. It is notable that cyanide 


decline in the 
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assimilation is extremely rapid in the 
first few days, and that the rate de- 
clines with time to yield very low but 
persisting values in the effluent. Com- 
mon experience with bacterial fermen- 
that initial breakdown is 
slow, that it rises with the development 
of the necessary flora, and that it 
finally stabilizes at a rate fixed by the 
availability of the substrate. 


tations is 


Effects of Soil Organic Matter on 
Cyanide Breakdown 


A second group of soil studies dem- 
onstrated the following additional prin 
Cyanide solutions break down 
on contact with sandy-clay and humus 
soil in sterilized systems. In sandy 
clay type soils, the rate of breakdown 
in sterile systems is roughly the same 
non-sterile The loss 
from solutions in contact with humus- 
rich soils, on the other hand, is marked 
and persisting. In the latter 
case, the continuing loss of cyanide 
from 


ciples 


as in systems. 


more 


the soil-waste suspensions sug- 
gests some form of biological break 
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down. Destruction by fermentation is 
also suggested by the fact that soils 
used in early experiments were more 
active than freshly taken soils. 
Relatively rapid removals of cyanide 
from acrylonitrile plant wastes were 
secured in short contact periods of one 
day. Approximately 90 to 95 per cent 
eyanide removal from 140-p.p.m. cya 
nide solutions could be maintained over 
a period of two weeks or more. When 
the cyanide were 
boosted to 185 p.p.m., the efficiency of 
removal dropped to 85 to 90 per cent. 


concentrations of 


Disappearance of Cyanide in Sterile 
Soil Systems 


A demonstration of the experience 
with soil contact removal of cyanide 
from potassium cyanide solutions is 
given in Table Il. The preparations 
were made by sealing 200-ml. quanti 
ties of potassium cyanide solution 
(containing 90 p.p.m. eyanide) in 
pressure bottles closed with 
and synthetic rubber 


citrate 
glass stoppers 


washers. 


The control series contained 


(00 
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STIRRED 


70r 

60 | 
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FIGURE 8.—Loss of CN” with soil contact. 
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© bottles were sterilized in dry steam 


at 15-p.s.i. pressure for 20 min. Series 


B preparations were not sterilized, but 


were allowed to stand at room tem 
peratures (25° © 
It may be noted that the control 


10 


Time 
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TABLE lUl.-Breakdown of KCN in Contact series, A, lost roughly 20 to 30 per 

with Heat-Sterilized Soil cent of the initial cyanide on steriliza- 

tion In the soil-bearing, sterilized 

series C preparations, the initial loss 

i with sterilization is somewhat higher. 

Initia Boi Fs - What is important is that the loss of 

rr ae cyanide in these systems containing 

4 ”) 60 7} 60 soil continues with time, until an ulti- 

B OO 70 2 | 33 mate loss of 70 to 77 per cent is reached 
C 1s ‘4 24 after 14 days 

In the bottles of series B, unsterilized 

‘Control series KCN solution, no soil but bearing soil. there is little loss (in 

esent 

at , silent KCN solution plus 100 g. soil the range of 22 per cent) in the short 

per 200 mil. solution term contact of preparing the mixture 

Steam-sterilized KCN solution plus 100 g The cyanide content declines to 37 per 

soll per 200 mi. solution cent of the initial concentration after 

14 days standing The point to be 

no soil Those of series B were also considered is that progressive loss of 

loaded with 100 g. of sandy clay soil cyanide occurs in both sterilized 

and those in series C were set up in and unsterilized soil-bearing systems. 

the same manne! Series A prepara There is no loss beyond that produced 

tions, the control bottles, and series in sterilization in systems that do not 


soil 


Carry 
Relations of Cyanide Loading Rate 
upon Soil Breakdown Efficiency 
Finally, 


phenome non 


it is desired to report a soil 


that is not so well de 


Days 


FIGURE 9.—Effects of heavy loading and rest on sandy-clay soil column; 
l-day flow-through. 
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FIGURE 10.—Effects of heavy loading and rest on humus soil column; 1-day 
flow-through. 


fined, but which may have practical 
significance in designing the disposal 
of cyanide-bearing wastes into deep 
soils. 

If soil columns are prepared like 
those described earlier—sealed columns 
of waste-wetted soil in series with small 
metering pumps—and these anaerobic 
soil systems are fed at relatively high 
rates (using 1-day flow-through times 
with cyanide concentrations of 100 
p.p.m.), the soils may be over- 
loaded so that they become inefficient 
This limit has 
been suggested earlier. Figure 9 shows 
acrylonitrile manufacturing 
waste diluted to about 100 p.p.m. eya- 
nide content breaks down a sandy-clay 
soil column in less than two weeks at 
this loading. After 12 days the column 
passes almost all of the cyanide that 
is fed to it. This behavior is in many 
ways similar to break-through in over- 
loaded zeolyte columns. 


assimilative systems 


that an 


Effects of Resting Overloaded Soils 

If the column is rested (in this case, 
two days) there is a rise in cyanide 
assimilation when feed is resumed at 


initial rates. Here, roughly 25 per 
cent of the irrigant cyanide disap- 
peared in transit in the remaining week 
of the test. 

A short check test confirmed the ex- 
istence of loading limits for efficient 
performance. Identical columns of 
sandy-clay soil fed at one-half the rate 
described before, using two day flow- 


through feed rates, secured much 


higher cyanide reductions on passage, 
and there was little or no drop in the 
assimilation rate with exposure. 
Early experience showed that or- 
ganic-rich soils might be expected to 
assimilate cyanide at higher rates than 


sand or sandy clay. In high-rate feed 
through tests with anaerobic soil col- 
umns this confirmed. Col- 
umns of humus-rich topsoil fed at rates 
even higher than those applied to the 
sandy soil columns just described show 
a much higher and more persistent loss 
of cyanide in transit (Figure 10A). 
Within the first day of operation 
uptake is apparent, and cyanide as 
similation levels off to a relatively 
steady 80 per cent removal from waste 
solutions bearing 150 p.p.m. cyanide. 


has been 
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or 10 days this level the column 


was rested for 10 days, and held 
sealed When feed was resumed, effi 
ciency of the tem was raised to hig! 
levels, approximately 96 per cent of 
the cyanide disappearing in transit 
There i ome concern over the 
ery slight drop in assimilative effi 
ciency on the 10th to 14th days of th 
resumed run A check run with 
higher concentrations of cyanide was 
made on the same soil column—a form 
of accelerated breakdown test The 
concentration ol cyanide in the waste 
feed was raised to 185 p.p.m. In the 


results of higher loading on the humus 
gure 1OB 
concentration does sup 

lightly, 
mately 90 per cent removal in passage 
that the 


oil column it is apparent 
that 


pre 


| 
raising the 


efficiency to approx! 


It is also apparent, however, 


olumn has not been broken down or 
paralyzed. The assimilation of cya 
nide in soil transit continues at essen 
tially the same level through the 8 


period of the test 
These explorations into the soil assimi 
lation of cyanide-bearing wastes wer¢ 


to be With 


olution of potential pollution prob 


found 
the 


very provocative 


lems by reduction of cyanide nitrogen 
in effluents through improvement of 
manufacturing processes and controls, 
the work on this phase of waste dis 


posal research was discontinued It is 


[INDUSTRIAL 


WASTES March, 1955 
possible that this experience, although 
limited to qualitative and descriptive 


phases, may be useful to others, the 
opportunity of presenting it is wel 
comed. 
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logically decomposed at a concentration 
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Dr. Renn, is too rapid for strictly bio- 
logical activity, but is not the type 
which would be expected for soil ad- 
sorption. Initial adsorption and com- 
plexation in the soil might reduce the 
cyanide content to a level at which the 
biological utilization of the cyanide 
could be established. It would be de- 
sirable to bacteriological and 
microscopic studies of the effluent from 
the It would also be 
well to analyze the gas released from 
the soil to determine if it were C,N,, 
HCN, N,, CO,, H,S, or other gases 
or mixtures, 

When cyanide is introduced into a 
system it appear somewhere 
as a cyanide or as a modified chemical 
entity. Selective elution should pro- 
vide information on adsorption, com- 


make 


soil columns. 


has to 


plexation, or ion exchange. Gas analy- 
ses and biological examination should 
give indications of catalytic decompo- 
sition or biological activity. The high 
(90 to 95 cent) 
over long periods of application would 


rate of removal per 


seem to indicate a great adsorptive 
and/or complexing power of the soils 
used or a breakdown of the cyanide. 
The latter is suggested by a build-up 
of the effectiveness of the soil samples 
with continued application 

The use of a constant-flow apparatus 
for the testing of continually renewed 
dilutions of the toxic materials under 
consideration is a commendable feature 
of the author’s investigations. It is 
felt, that the 


have been more valuable had the tests 


however, results would 
been continued for longer periods and 
the median tolerance limits determined 
for exposure periods of at least 48 hr. 
It is doubtful if the criteria of toler 
ance, 100 per cent survival of 10 fish 


for 10 hr., would give an adequate 


measure of acute toxicity. Some ma- 
terials have little or no effect in 10 
hr., but severe effects manifest them- 


selves in 24 to 48 hr. In their report 
standardization of 


methods, which appeared subsequent to 


on the bioassay 
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these studies by Dr. Renn, the Com- 
mittee on Research, Subcommittee on 
Toxicity, Section III, Federation of 
Sewage and Industrial Wastes Associa 
tions, has recommended 48-hr. or longer 
studies for the determination of acute 
toxicity (4 

In studies at the Sanitary Engineer 
ing Center it has been found that hard 
ness or total alkalinity and the pH of 
the dilution water can greatly influence 
toxicity. It is understood that in these 
tests a very hard limestone spring wa- 
ter was used. Under these conditions 
the toxicity of the test solutions would 
be less than similar dilutions in a soft 
water 

It also has been found that pH exerts 
a tremendous effect on the toxicity of 
cyanides. In his studies with nickel- 
cyanide complexes Doudoroff has found 
that a drop from pH! 8.0 to pH 6.5 
increases their toxicity more than 1,000 
times 

Another 
hydrolytic decomposition, 


factor to be considered is 
If this oc 
curs, the time factor (that is, the age 
Al- 
freshly 


of the solution) deserves attention 
the 
prepared and continually renewed, the 


though dilutions may be 
age of the stock solution pumped may 


be another matter. Laectonitrile has 
been found to be quite unstable in a 
basic medium; it decomposes, with the 
liberation of free eyanide. This is 
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much more toxic than acrylonitrile and 
approached the toxicity of eyanide 
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(7). The lowest concentration of cya 
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this concentration, a temperature of 
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7 
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: 


5° C., and pH 7.4 to 8.0, the mean 
overturning time of yearling rainbow 


trout wa reported to be 74 hr In 


1934, Karsten (8) reported that all of 
eight 6-in. brook trout died in 130 to 
146 hr. at cyanide concentrations of 


0.00 p.p.m ontinually renewed ex 


perimental solutions 
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cyanide the presence of most 


complexing agents; that color tests can 
ead to high 


upon the form of cyanide present; and 
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that distillation methods may vary ap 
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results it is desirable, there- 
fore, to define the procedure 


porting of 


Cyanides ean oceur in industrial 
vastes in the form of complex cyanides, 
ome of which 

much jess 

solutions with equivalent cyanide con 

Further 


nide in solutions of complex cyanides 


have been shown to be 


toxic than free cyanide in 


tent 


the toxie forms of cya 


read 
non-toxic forms and meas 


cannot always be distinguished 
ly from the 
ured accurately by chemical 
At the Center the 


tudies in gaining a better understand 


means 
need for bioassay 
ng of industrial waste problems has 

time It is 


to see the appli 


some 


apparent for 
gratifying, therefore 
cation of toxicology to an actual indus 
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in this 


problem as has been done 
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DEPHENOLIZING OF WASTES AND OTHER LIQUORS 
BY CENTRIFUGAL COUNTERCURRENT SOLVENT 
EXTRACTION * 


By Herpert R. Kaiser 


Vice President, Podbielniak, Inc., Chicago, 


In commercial practice the removal 
of phenolic compounds from ammonia- 
cal liquors produced by coke oven 
operations has been handled for more 
than 20 years largely by liquid-liquid 
extraction. The solvent most gener- 
ally used is light oil (substantially ben- 
zene), which is readily available, rela- 
tively inexpensive, and quite immiscible 
with the aqueous phase. 

The liquid-liquid contacting device 
employed in most plants described in 
the literature is a packed or spray-type 
Typical of these 
plants is one deseribed (1) using light 
oil, which is subsequently treated with 
caustic to remove phenol as sodium 
phenolate, the dephenolized light oil, 
with or without redistilled make-up 
light oil, being returned to the extrac- 
tion step. 


eravitational column. 


Other solvents more selective to phe- 
nolie for example, isopropy! 
ether, tricresyl phosphate, butyl acetate 
2) (3) (4)—are also applicable to the 
The choice of 
solvent depends largely upon initial 
cost, selectivity of phenols, immiscibil- 
ity and recoverability. High misci- 
bility of solvent in the aqueous phase 
requires stripping operations of large 
volumes of liquid to recover the sol- 
vent 

The gravity separation column is 
limited in its mixing and phase separa- 
tion ability. Comparatively speaking, 
a column is a rather inefficient device 
for liquid-liquid contacting; it does a 


bodies 


extraction of phenols. 


* Presented at 27th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 


Assns.; Cincinnati, Ohio; Oct. 11-14, 1954. 


better job on vapor-liquid contacting 
as in fractionation. 

Columns are usually oversized in 
both diameter and height to take care 
of any maldistribution of the liquid 
phases and to obtain the necessary 
stages of extraction and capacity, which 
is limited by the rate of phase separa- 
tion under the force of gravity. Thus, 
columns require considerable time and 
volume factors to effect liquid-liquid 
extraction. 

In 1952, the centrifugal countercur- 
rent contactor was applied to depheno 
lizing waste ammoniacal liquors ob. 
tained from several steel plants. The 
original work was done on a laboratory 
extractor, followed by tests on 36-in 
diameter prototype machines of com- 
mercial size, which were subsequently 
installed in pilot plants of several of 
the steel companies. This paper de- 
the Podbielniak centrifugal 
countercurrent multistage solvent ex 
tractor and its performance 
phenolizing ammoniacal liquors. 


scribes 


in de 


General Principle of Operation 


Figure 1 illustrates the flow of fluids 
through the centrifugal extractor. Con 
tacting and separating of two liquid 
phases is effected continuously and 
countercurrently in the contact ele 
of the spinning rotor. The 
lighter of the two liquid phases (light 
oil) is pumped to the outside of the 
rotor, while the heavier liquid (am 
al liquor) is pumped to the 
center as shown. The heavier phase 


flows to the outside of the rotor, dis- 


ments 


moniac 


4 
4 5 
SOB 
i 
a 
| 


Liquid 


‘ 


placing the lighter phase and causing 
it to flow towards the center The 
action of the contaeting elements 
within the roto to intimately mix 
and separat i multistage fashion 
Quiet zones, near the center and at 


the large diameter, provide clarifieca 


tion of both streams as they leave the 
rotor 

Hydraulically balanced pressure 
tight seals at each end of the shaft 


weparate the light liquid entering from 
the he 


liquid entering 


leaving, and the heavy 
from the lght liquid 


ng, and also prevent leakage of 


avy liquid 


leay 
effluent 
Centrifugal 


to 5,000 times gravity 


machine 
OOO 


from the 


ranging trom 


depending upon 


rotor diameter and r.p.m insures 


mixing of the two 


contacted 


positive intimate 
countercurrently phases to 


produce in a single rotor as 
may it 10 


traction 


compact 


theoretical stages of ex 
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FIGURE 1.—Diagram illustrating flow of liquids through centrifugal 
countercurrent extractor 
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Liquid 
In 


By suitably adjusting the back pres 
‘light liquid out,’’ the 
volumes of the rotor holdup 
controlled 
independ 


ure of the 
relative 
or the main interface can be 
constant, 
The 
clarified 
high 
volume holdup 


and maintained 
force 


raffti 


ratios of 


ently of flow ratios creat 
produces centrifugally 
nate and extract at 
throughput to 


The 


a combination of perforated concentric 


contacting elements consist of 
and spirally-wound elements analogous 


to sieve plates used in gravitational 


olumns. 


Equilibrium Data for Ammoniacal 
Liquor-Phenols-Light Oil System 


The literature gives the distribution 
coefficient for phenol into light oil as 
2 to 2.5. However, since not only phe- 
nol but its higher homologues are to 
from the 


that 


be extracted 


uor if 


ammoniacal liq 


was felt the distribution 


; 
( Monn Liqurd 
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Bae j 
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CONC. PHENOL IN SOLVENT-PPM 


FIGURE 2.—Equilibrium distribution of 
phenols in aqueous and solvent phases at 
30° and 50° C. 


coefficient for the so-called ‘‘phenols’’ 
should be determined before proceeding 
with either laboratory or pilot-plant 
testing 

Accordingly, the distribution curve 
(Figure 2) was prepared at two dif- 
ferent temperatures (30° and 50° C.), 
starting with ammoniacal liquor from 
plant operations and diluting aliquots 
with distilled water to obtain a range 
of concentrations from approximately 
16.8 to 1,680 p.p.m. Equilibrium 
shake-out tests were then performed in 
the laboratory with equal volumes of 
dephenolized light oil and ammoniacal 
liquor. The light oil used had been 
previously treated with caustic to re 
duce the phenol content to 1 to 2 


p.p.m 


FLOTOMETER 
©-BACK PRESSURE 
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—HEAT EXCHANGER 
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FIGURE 3.—Laboratory extractor used for dephenolizing tests on ammoniacal liquor. 
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The D. A. A. P. (4-aminoantipyrene) 
analytical method (14) was used for 
analysis in preparation of the distribu- 
tion data and the feed, extract and 
raffinate streams from laboratory and 
pilot-plant runs. The data indicate 
that the distribution coefficient for 
phenols from ammoniacal liquor into 
light oil is approximately 3.0 and does 
not change appreciably with tempera 
tures normally encountered, 


Description of Laboratory Extractor 


The laboratory extractor used for 
the dephenolizing tests is shown in 
Figure 4. The installation consists of 
two %-gal. feed tanks (A), one for 
ammoniacal liquor, the other for light 
oil, Each tank was pressured with air 
to force the liquids through the ex 
tractor. The flow of each liquid was 
controlled by a Flotometer (B), while 
the relative volume holdup was main 
tained automatically by the back-pres 
sure regulator (C) located at the light 
liquid outlet. <A variable speed drive 
(D) with a range of 2,400 to 5,100 
r.p.m. was used to drive the extractor 
rotor Heat exchangers (FE) were used 
to adjust the temperature of the liquids 
entering and leaving, while thermom 
eter wells (I) and pressure guages 
(G) were used to measure tempera 
tures and pressures of operation 
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The centrifugal extractor has an 18- 
rotor of 0.25-in. 


contains 


in. diameter internal 


width 17 contacting elements, 
and has a volumetric holdup of 


prox mat ly 600 ce A 


ap- 
more detailed 
description of the laboratory machine 
and its characteristics of 


have 


yer (6) 


operation 
and 
authors determined 


been presented by Barson 
These 
the stage equivalents of the laboratory 
hased 
| 


between 7 and 


extractor to be 
tem boric aleo 
hol-water On the 


standard test 


on the sy acid-isoam) 

manufacturer’s 
system (butylamine- 
water) the laboratory ma- 
between 10 and 11 


was felt that the ammonia- 


ke rosene 


chine developed 
stages It 
eal liquor-phenols-light oil system is 
n behavior to the butyl- 
and the 


dephe ! olizing 


quite sim lat 


amine-kerosene-water system 


results obtained on 
closely correlated stage requirements 


for the two systems 


Data from Laboratory Extractor 


Typical data from several ammonia- 
Table 


[. Feed liquor containing 1,950 p.p.m 


cal liquor sources are given in 


TABLE I. 


te 
l 
Time (min.) 20 
Flow rate (cc./min.) 
Light oil 200 
Ammoniacal liquor 100 
Pr eeure (p 8.1. g.) 


Ammoniacal liquor, 
Raffinate, out 
Back 


Temperature (°C.) 


pressure (% 
Light oil, in 
Extract, out 
(mmonia 
Raffinate, out 


Rotor speed (r.p.m.) 


liquor 


Phenol concentration (p p.m.) 
Feed 


Raffhinate 


Solvent-liquor ratio 
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phenols was reduced to 3.2 p.p.m. in 
the raffinate at a solvent-to-liquor ratio 
of 1:1, while at 2:1 solvent-to-liquor 
ratio only 0.8 p.p.m. phenols remained 
in the raffinate. All 


runs were made 
at a rotor speed of 5,100 r.p.m., which 
corresponded to a light liquid inlet 
pressure of 100 p.s.ig. The raffinate 


left the extractor at 0 lb. pressure, 
while 25 to 45 p.s.i.g. was maintained 
on the extract soth the ex 
tract and_ raffinate liquids were 
centrifugally clarified to the brilliance 
of distilled 
particularly 


test 


leaving. 


water. It should be noted 
that of the 


various solvent ratios was 


the duration 
runs at 
20 min. This is possible only in cen 
trifugal contactors, where the through 
put capacity to volume holdup is large ; 
thus the able to reach 
equilibrium conditions in a relatively 


machines are 


short time. 

These phenomenal extraction results 
aroused the interest of several steel 
and it was suggested that 


further pilot-plant testing be 


companies, 
carried 


out on “‘slip’’ streams of ammoniacal 


liquors, preferably on 36-in. diameter 


Dephenolizing Data from Laboratory Extractor 


Run Ne 
20 20 20 
140 100 100 
140 200 100 


Is 
28 
18 
30 
5,100 


1,950 
0.36 
4:1 


| 
‘ Light oi 100 100 100 | 100 : 
Ext vit | 20) 15 25 
in 32 12 17 27 
| 
16 17 18 ; 
22 22 24 
in 17 | 18 
| 28 0 
5,100 5,100 5, 100 
1,050 1,050 1,450 
0.8 3.2 32.0 
2:1 1:1 1:2 
| ears 
2 
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FIGURE 4.—Prototype (36-in. diameter) of production-size extractors, 


prototypes of production machines 
similar to those already employed suc- 
cessfully in the petroleum, petrochemi- 
eal, chemical and antibiotic industries. 
Accordingly, the author’s company en- 
tered into a cooperative program with 
several steel and coke oven companies, 

The important factors to be investi- 
gated in pilot-plant operations were 
long periods of operation (weeks), as 
compared to relatively short periods of 
operation in the laboratory extractor. 
[It was also considered important to 
determine the effect of tar build-up in 
the light oil, as well as the resistance 
of 316 stainless steel to corrosion, and 
to investigate any build-up of carbon- 
aceous materials over long periods of 
operation 


Description of 36-in. Prototype 


The 36-in. extractor used for long 
time testing is shown in Figure 4. Its 
onstruction is substantially as de 
scribed, except it is twice as large in di 
ameter (56-in.) as the laboratory ex- 
tractor. The width of the 36-in. 


diameter machine was so chosen as to 
give a throughput capacity in terms of 
ammoniacal liquor and light oil of ap- 
proximately 2 to 2.5 g.p.m. of combined 
streams. The holdup of the rotor was 
approximately 2 gal. This machine is 
a “‘slice’’ from %6-in. diameter pro 
duction machines and obviates the ne 
cessity of extrapolating R. D. E. T. 8.* 
from an 18-in. rotor spinning at 5,100 
r.p.m. to the commercial 36-in. diameter 
machines spinning at 2,000 r.p.m. 


Dephenolizing Flow Sheet 


Two of the pilot plants installed in 
cluded: (a) a dephenolizing extractor 
for the removal of phenol from the 
ammoniacal liquors; and (b) a second 
centrifugal countercurrent contactor 
for caustic treating the light oil, as 
illustrated in Figure 5 

*R. D. E. T. 8. (Radial Distance Equiva 
lent to Theoretical Stage) is a term applied 
to centrifugal extractor design, comprising 
the empirically related factors of radius and 
r.p.m, (G's); orifice size and pattern; and 
liquid densities, velocities, viscosities and 
surface tensions. 
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os treating step, this paper does not in- 
— clude the data on the caustic treating 
ope rations, as considerable additional 
hl i = testing is necessary to establish the 
asTe™ | DEPHENOLIZED ; 
» | went eo behavior of recirculated light oil as 
CENTRIFUGAL x it accumulates tar 
EXTRACTOR | | 
PHENOLIZED| | @ Data from Production Extractor 
CAUSTIC Data on dephenolizing operations 
LIQUOR =... | from one type of 36-in. diameter ex 
—s CENTRIFUGAL tractor have been released by one steel 
EXTRACTOR 


FIGURE 5.—Flow sheet for continuous 
dephenolizing and treating with caustic. 


Both extractors or contactors were 
driven with ariabl speed drives to 
provide maximum flexibility in opera 
tion. The feed liquids were pumped 
to the machines by suitable pumps 
equipped with rotary seals In one 
plant, operation was semi-automatic 
the others were equipped with flow and 
ratio control instruments on graphic 
type panel 

lhe ammoniacal feed liquor was fur 
nished by ‘‘slip’’ streams from actual 
plant operations Three-shift sched 
were arranged so that the pilot 
plants could be operated continuously 

Although Figure 5 shows the caustic 


company and are presented in Table II 


It is significant that the performance 
of the 36-in. diameter machine corre 
lates quite closely with the data ob 
tained from the laboratory extractor 
The material balance figures are good, 
considering the accuracy limits of 
analyses of the feed, solvent, extract 
and raffinate streams. The liquor ran 
approximately 1,300 p.p.m., with re 
sidual phenol content of 1.1 to 5.0 
p.p.m., depending on the solvent ratio 
used. Temperature of the feed liquor 
was approximately 56° C., or that cor 


responding to plant operations 


Discussion 


The solvent-to-liquor ratios used for 


the tests have been plotted Versus 


TABLE Dephenolizing Data from Production-Size Extractor 


Oil-liquor ratio 10 
Flow (g.p.m.) 
Liquor 0.664 
Oil 0.661 
Concentration (p.p.m 
Liquor, in 280 
Liquor, o 5.0 
Oil, in 16.3 


280 


280 

16 

206 

Liquor 5.0 
Oil, out 280 


Recovet 104 


285 | 1,300 


0.64 
0.63 


1.475 
1,478 | 1,398 
101 ; 111.5 | 102.6 


pe 
} 

| 

} 
} 
| 
| 4 
it 2 
8034 807A 8075 BIOA R10B 810C 
2.13 1.05 2.10 2.03 3.86 
0.44 0.279 0.47 0.50 | 0.51 0.32 
eas 0.943 1.13 0.99 1.14 | 1.03 1.23 a 
1,328 1,352 1,256 1,305 1.313 1.338 | 1,330 
1.6 1.1 1.1 1.1 1.2 
6.0 1.7 16 7.8 9.3 12.4 10.8 
Phenol | mg./\.) 
ee 1,328 | 1,352 | 1,256 | 1,305 | 1,313 | 1,338 | 1,330 ie 
rae 1,341 | 1,371 | 1,290 | 1,335 | 1,322 | 1,363 | 1,370 ff 
1.6 11 11 11 1.2 2 

1.307 1,420 
< 
a4 
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p.p.m. phenol in the raffinate (Figure 
6). It is interesting to note that the 
curve begins to flatten out at about 
a 1.5: 1 solvent-to-liquor ratio and that 
increased solvent ratios do not reduce 
the residual phenol. At a distribution 
coefficient of 3:1 the equilibrium be- 
tween phenol in the light oil entering, 
and the raffinate leaving at 1.25:1 
ratio is near theoretical extraction in 
the countercurrent multistage machine 
if the phenol content of the solvent is 
maintained at 10 p.p.m. or less, 

It would appear from the test data 
on the two different size machines that 
the 36-in. diameter prototype operating 
at 2,000 r.p.m. gives substantially the 
same performance as the 18-in. di- 
ameter laboratory extractor operating 
at 5,100 r.p.m. 

The 36-in. diameter prototype ma 
chines have been in operation for an 
average of 6 months. During this 
period none of the machines required 
maintenance. Several have been dis- 
mantled after completing the test runs; 
inspection showed no corrosion from 
materials processed, or any carbon- 
aceous deposits. Simple periodic flush- 
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RATIO 


FIGURE 6.—Dephenolizing data from 
production-type extractor. 


ing operations were carried out at the 
end of each test run, and it appears 
that this is all that would be required 
for production-size machines, 


Extrapolation to Production-Size 
Extractors 


Typical of production-size extractors 
used in the petroleum industry is the 
type shown in Figure 7. This machine 
has a rotor 36 in. in diameter by 40 
in. wide and a rotor holdup of approxi- 


FIGURE 7.—Production-size centrifugal extractor used in the petroleum industry. 
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FIGURE 8.—Comparison of size of centrifugal extractor (in circle) and column extractor 
it replaces 


mately 200 gal. It has a combined ca 
pacity of 16,000 g.p.h. on the system 
lube oil-phenol On the less viscous 
system ammoniacal liquor-phenols-light 
would 


capacity of 


oil this same machine have a 
combined 
20,000 


Its design 


throughput 


capacity and efficiency, 
however, were extrapolated from data 
obtained on the laboratory extractor 
operating on the same erude stocks be 


ing fed to the large extractor. It is 


equivalent in efficiency to a column ap 


proximately 70 ft. high, and has a ea 
pacity equal to that of a column 7 ft 
The size of the centrifu 
and the column it re 
places is compared in Figure 8 


in diameter 
gal extractor 


Although the factor for extrapola- 
tion from the laboratory machine to 
the production-size machine was of the 
order of 2,500, the extrapolation of the 
36-in. diameter prototype to larger ca 
pacity machines involves only a simple 
extrapolation of width 
tion-size 


Thus, produc 


machines can be guaranteed 
to produce the same efficiencies as their 


36-in,. diameter prototypes. 


Advantages of Centrifugal 
Extractors 


Production-size extractors (Figures 
have high throughput ca 
pacity for small volume holdup. Thus, 


they ¢an be economically constructed 


7 and 8 


“4 
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of type 316 stainless steel to withstand 
corrosion of the process liquids as well 
as the corrosive atmosphere usually en- 
countered in coke oven operations. It 
is expected that an extractor of type 


316 stainless steel would outlast two 
columns of ordinary steel construction. 

The cost of centrifugal extractors is 
about the same as columns of the same 
throughput capacity and stage effi- 
ciency, but they have a decided ad- 
vantage because of their small solvent 
holdup. Plants employing expensive 
solvents could start up on a consider- 
ably reduced solvent inventory. 

The machines are compact and can 
easily be installed on low concrete 
foundations, much the same as a pump 
with its drive motor, at only a frac- 
tion of the cost of column erection. 

Maintenance on the commercial-size 
machines, as verified in a number of 
diversified industries, is extremely low. 
The 6-month operation on 36-in. di- 
ameter machines required no mainte- 
nance of hydraulically balanced seals, 
or the oil-lubricated rotor bearings. It 
is expected that these machines will 
continue to run for more than a year 
without so much as seal adjustments. 

Centrifugal force up to 2,000 @’s in 
commercial machines stabilizes opera- 
tions, eliminates disturbances from 
emulsion tendencies, produces cen- 
trifugally clarified extract and raffinate 
and makes possible continuous, fully 
automatic operation 

Power consumption is about of the 
same order of magnitude as that re- 
quired for column operations—the op- 
erating heads being comparable. Be- 
cause of high inertia of the rotor, start- 
ing requires the use of a 20-h.p. drive 
on the 20,000-g¢.p.h. machine; however, 
once up to operating speed only a 7- 
to 8-hp. motor is required to keep it 
spinning. 

Centrifugal extractors simply can be 
flushed or steamed periodically to re 
move any tar or sludge build-up, thus 
minimizing the man-hours usually re 
quired for cleaning packed columns. 
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Conclusions 


It has been shown by test, both on 
laboratory and 36-in. diameter proto- 
types of production machines, that 
centrifugal extractors can effectively 
remove phenols from waste ammoniacal 
liquors containing up to 2,000 p.p.m. to 
residual phenol contents in the raffinate 
of 5 p.p.m With dephenol 
ized light oil of 10 p.p.m. or less phe 
nols, and an 
1%: 1, a residual of only 3.3 p.p.m 
remains in the raffinate from 36-in 
diameter machines. 

Production-size 


and less, 


oil-to-liquor ratio of 


machines of 20,000 
g.p.h., of the type already in use in the 
petroleum industry, are available for 
dephenolizing operations. Their design 
ean be extrapolated and performance 
guaranteed on the basis of operation 
of the 36-in. prototype (‘‘slice’’ off 
production machines) on plant liquors 
and light oil solvents 

On the same basis of throughput ca 
pacity and extraction efficiency, the 
centrifugal extractor holdup is only 
1/100 that of a column. Because of 
this small inventory the use of expen 
sive solvents having higher selectivity 
to phenols, within the practical misci 
bility limit, now becomes economically 
feasible. Further, a simple stripping 
operation to purify the solvent should 
at the same time economically produce 
a salable tar acid. 
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CHEMICAL INDUSTRY SPENDING $2.73 BILLION 
ON NEW CONSTRUCTION, MCA SURVEY SHOWS 


The chemical industry completed pri 
vately financed construction projects rep 
resenting an nvestment of nore thar 
#1,.216,000,000 during the 12 months end 
ing October 31, 1954, and had under eco) 
truction or definitel planned another 
$1,514,000,000, according to a survey ol 
chemical ndustry expansion announced 
recently by the Manufacturing Chemist 
Association 

The survey covered more than 570 non 


rovernment financed projects of the in 


dusts 5 of which were completed be 
tween November 1, 1953 and October 31 
1954 Some 219 projects are now being 
built at in estimated total cost ol 


£933,000,000 the survey showed, and an 
other 1535 project to be built at an est 
mated t of #581,000,000, have beet 


definitel tted 


The total of project completed durin; 


1954, and those inder eonstructior or 
p inned wt of which will be completed 
ithin three years, is $2,730,000,000, The 


MCA pointe out that many more project 


have been announced as under considera 
tion or in the planning stage, and that 
while mat of these will be started in 
1955, none { the vas ineluded in this 
urve 

Ly pit ome reported cutbacks im cor 


struction plans earlier in 1954, the surve\ 


appear to bear out the prediction that the 


chemical mdustr will quadruple its pro 


duction capacit by 1975 


In addition to this privately financed 
construetion, the MCA reported that there 
s an estimated total of some $3,360,000,000 
of government financed chemical construe 
tion underway or planned, most of it under 
contract with chemical companies This 
construction, which ineludes a number of 
AEC contraets, takes in projects under 
way which started three years ago and 
ome whieh will not be completed before 
late 1956 

Chemical construetion projects were re 
ported in 43 of the 48 states. All geo 
rraphical areas were represented, with the 
south and southwest showing the greatest 
expal 

The MCA survey differs from govern 
ment and other statisties in two important 
respects, and therefore cannot be aeceu 
rately related to these figures. First, in 
stead of calculating money spent on con 
struction in any given period, it classifies 
projects by those completed, now under 
construction, or definitely planned. 

Second, unlike government statistics, 
which are classified according to the man 


product lines of corporations, the MCA 


survey ineludes chemical facilities regard 
‘ of the main business of the builder 
Therefore, it takes into account the large 


chemical investments being made by the 
rubber, petroleu , steel, pulp and paper, 


nd other type of companies 
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AQUATIC LIFE WATER QUALITY CRITERIA 


First Progress Report * 


Aquatic Lire Apvisory CoMMITYEE OF THE Onto River VALLEY 
Water SANITATION COMMISSION 


Cincinnatt, Ohio 


FOREWORD AND ACKNOWLEDGMENT 


Karly in 1952 a group of biologists 
invited to 
act as an Aquatie Life Advisory Com 
mittee to the Ohio River Valley Water 
One of the im 
concerns of the Commission was 


and fisheries scientists was 


Sanitation Commission 
portant 
to secure an authoritative and practical 
of 


. capable 


** waters 


fish 
a statement finding 


what constitutes 
of 


other aquatie life, 


definition 


maintaining and 


expression in the compact for pollution 
that had ratified by the 
of Illinois, Indiana, Ohio, Penn 
sylvania, New York, Virginia, West Vir 
Kentucky. The Commission 
that criteria of water 
quality with regard to aquatic life had 


control been 


states 


ginia, and 
was not satisfied 
been adequately formulated for adminis 
trative purposes 

Following two years of study the com 
mittee has now presented its first formal 
report, embodying in one document view 
of 
been previously 
the and its in 
dustry and research advisory committees. 
The of the 


committee are de 


and recommendations, 


had 


ly within 


points some 


which discussed 
on Commission 
usefulness 
which 
a pioneering effort of ap 
plied biology in the field of water pollu 
led the 
to authorize publication of the report. 
Membership of the committee was 
the recommendations of O. 
Lloyd Meehean, who represents the U. 8. 
Department of Interior on the Commis 
and is Assistant to the Director of 
the Fish and Wildlife Service, and who 
was requested by the Commission to make 
How well he 


importance and 


’s activities 


ascribed as 


tion abatement’’ Commission 


based on 


s10n 


such recommendations. 


* Submitted to the Ohio River \ 


$21 


applied himself to the task is revealed 
the of the committee, whose 
members contributing their efforts 
to the of the Commission as a 
publie service, Dr Meehean serves 
Commission-liaison of the 
Kinney, formerly of the 
Commission staff, served as secretary. 


The of the 
following: 


by roster 
are 
work 
ais 
member com 
mittee; John E 
committer 


composed 


L. L. Smith, Jr., Department of Ento 
and Keonomie Zoology, 
Minnesota, Chairman, 


mology Univer 
of 


sity 
B 
Zoology 


Anderson, Head Department of 
and Entomology, The Pennsyl 
vania State University 
W. A. Chipman, Chief, Special Shell 
fishery U. Fish 
Wildlife 
Theodore 


Investigations, and 
Service 
School of 
Health, University of Minnesota. 
Edward 
Fist 
Conservation 
W. A. Spoor, Department of Zoology, 
University Stone In 
stitute of 


Olson, Publie 
Schneberger, Superintendent, 


Management Division, Wisconsin 


Commission, 
of Cineinnati and 
Hydrobiology 

C. M. Tarzwell, Chief, Bee 
tion, Robert A. Taft Sanitary Engineer 
ng USPHS 


Biology 


Center, 


for 
wishes to 
the efforts 
of the Aquatie Life Advisory Committee 


In making the available 
the 


with 


report 
publication Commission 
acknowledge gratitude 


in providing guidance for its delibera 
tions 
Epwarp J, CLEARY, 
Executive Director ‘and 


Chief Engineer, ORSANCO 


alley Water Sanitation Commission, September 1, 1954 
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Formation and Scope of Committee 


The Ohio River Valley Water Sani- 
tation Commission was formed to deal 
with the problems of pollution abate 
ment in the waters of the Ohio River 
district and to protect all water uses 
in proportion to their importance to 
the people and the industries of the 
valley Among the more important 
uses of water are provision of potabl 
water for municipal water systems, 
process and cooling water for indu stry, 
water for agricultural use, water for 
the production of ‘a harvestable fish 
crop, and water for general recrea 
Although water 
quality standards for domestic, indus- 


tional purposes 


trial and agricultural use are fairly 
well defined, requirements of water 
for production of fish are poorly under 
stood. Quality standards set up by va 
rious regulatory agencies lack uniform 
ity and are for the most part based 
on an inadequate background of scien 
tific investigation and knowledge of 
pecifie water problems. Recognizing 
these facts the Ohio River Valley Water 
2 in 
vited a group of aquatic biologists and 


Sanitation Commission early in 195 


fisheries scientists to form an Aquatic 
Life Advisory Committee to assist the 
Commission in the formation of ra 
tional criteria for water quality with 
reference to the production of fish 
crops 

The functions of this committee are 
purely advisory and in no way con 
nected with enforcement of specific 
regulations or determination of proper 
water use in particular parts of the 
water system. All committee recom- 
mendations are transmitted to the Com 
mission for consideration and to be 
acted upon in whatever manner the 
Commission sees fit. It is intended that 
the committee integrate the work of 
industrial committees and the Ketter 
ing Laboratory with its own insofar as 
problems of fish life are concerned. 


Policy of Committee 


The formation of this committee 
marks the beginning of a pioneering 
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effort of applied biology in the field 
of pollution abatement. Therefore, a 
clearly defined statement of committee 
policy with reference to its scope of 
action and limitations on its recom- 
mendations is essential. It must be 
pointed out that life processes are very 
complex and in many instances there 
are large gaps in existing knowledge 
of aquatic biology. Applied biology in 
pollution abatement is also a relatively 
new undertaking, with few biologists 
working in this field. Since biology is 
a complex science, it must be recognized 
that there are many factors, slight vari- 
ations of which may change a situation 
completely. It is for this reason that 
hard and fast rules for quality criteria 
or standards are often impractical and 
unworkable. The committee believes 
that the soundest approach to the solu- 
tion of these biological problems is to 
study each problem individually, 
weighing the many factors involved 
with reference to subsequent water use. 

In view of these considerations and 
many others not enumerated, the com- 
mittee feels it advisable to work within 
the scope of the following statement of 
policy : 


It shall be the policy of the Aquatic Life 
Advisory Committee to assist the Com 
mission in the improvement of the Ohio 
River and its tributaries by offering the 
best possible recommendations on water 
quality criteria essential for the main- 
tenance of suitable fish habitats as defined 
by the committee. Such recommendations 
shall be offered only after the committee 
has had an opportunity to review the ex- 
isting data on each specific problem. The 
committee shall also point out the need 
for further facts and suggest research 
projects to obtain such facts. To a large 
extent the committee will base its evalua 
tion of toxic wastes on bioassays. 


Within the scope of this policy the 
committee has several clearly outlined 
objectives. First, and perhaps the 
most important, is to define in general 


terms what is meant by water suitable 


or fish life. There is lack of agree 
ment on a proper definition among 
sanitary engineers, industrial engi- 
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neers, fishery scientists, and fishermen. 
Obviously, until a decision is reached 
progress toward attainment of suitable 
water quality cannot be made. Second, 
available knowledge applicable to prob- 
lems of maintenance of waters suitable 
for fish life must be evaluated with 


reference to completeness and ade- 
quacy. Third, gaps in_ scientific 


knowledge must be pointed out and 
suggestions for future research to fill 
these Lastly, 
because bioassay appears to be the most 
useful method for the determination 
of water suitability where pollutants 
are complex and natural waters are 
variable, acceptable standard proced- 
ures and criteria for the application 
of results from these tests must be 
When available data on 
ic problems are adequate, the 
committee will make recommendations 
for particular ions or compounds which 
will be applicable to the local condi- 
tions. 

It is not within the purview of this 
committee to make recommendations 
on the preferred water use in any 
locality, the relative importance of fish 
life in any particular region, or the 
equitable distribution of water-use 
privileges for any purpose among vari- 
ous units of an industry, municipalities, 
or the general public. 


deficiencies proposed. 


established. 


‘ 
speel 


Meaning of Water Quality Suitable 
for Fish Life 


An understanding of what consti- 
tutes water suitable for fish life is not 
veneral, even among those most inter- 

conservation. Most of the 
data available on the effects 
of various materials on fish have of 
necessity been limited to observations 
on the immediate effects as defined by 
lethality in short periods of time. Tox- 
icity studies have usually been limited 
to tests of solutions of single ions or 
compounds and there has been little 
critical appraisal of toxicity of mix- 
tures of ions or compounds. Water 
containing pollutants has usually been 
considered adequate for fish life if no 


ested in 


eritical 
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obvious and acute mortality could be 
traced to known deleterious materials 
in the water 

A realistic approach to the problems 
of water suitability for fish life should 
recognize the fact that fish are an 
aquatic crop measurable in terms of 
pounds per acre per year. When a 
water does not produce a normal an- 
nual fish crop because there are pollu- 
tants present, even though no mortal 
ity has been observed, it cannot be con- 
sidered adequate. This approach is 
new to many working in the technical 
phases of pollution abatement and is 
not generally appreciated by the pub 
lie 

Water suitability must also be meas 
ured in terms of the species which 
can be produced. If pollution results 
in a changed habitat which can pro 
duce a large crop of undesirable species 
but which prevents the growth of a 
suitable annual crop of desirable 
species, it is inadequate from the 
standpoint of fish use. Another con- 
dition should be recognized in the con- 
sideration of factors which make a 
suitable fish habitat. It is an estab- 
lished fact that some fertilization by 
domestic or certain organic industrial 
wastes may raise fish-producing ca- 
pacity of waters while at the same 
time impairing their use for other pur- 
ming. 

In view of the factors outlined, the 
committee has adopted the following 
statement defining water suitable for 
fish life: 


For the purpose of the Aquatie Life 
Advisory Committee, waters suitable for 
maintaining fish and other aquatic life 
those which produce a 
satisfactory fish crop as determined by 
quality of fish flesh, fish yield in pounds 
per acre, catch per man hour, species 
composition, and standing populations. 


are defined as 


Materials that cause pollution and 
may affect the capabilities of maintain- 
ing satisfactory conditions in waters as 
above described may be classified as 
(a) inert materials, (b) oxygen-con- 
suming materials, and (c) toxic ma- 
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that 
no single body of 


terials It must be recognized 
there is probably 
water in any populated area that does 
domestic or industrial 


The fish 
end product of all of 


not recelve 


wastes ol ome type. crop 


represents thi 
the biological processes 1n the aquatic 


habitat and is the single 


that 


only 
offers a 
If a 
produced, it 


group 
of animal 
terests to 


variety of in 
fish 
considered 


man satistactory 


Crop 1 


may be 


there are sufficient favorable fac 


tors at work to allow waters to be 
for the important 
Since the 


ductivity of natura! waters varies from 


judged satisfactory 
pro 


to area, a standard of productiv 
have to be estab 

portion 
standard 


ity will, of necessity 
lished for each water or 


The 


allowing it 


thereot in question 


must have characteristics 


to be considered average and normal 


for the area 


Development of Water Quality 
Criteria 


The development of water quality 


criteria must take cognizance of a 
wide range of interests Industries, 
municipal water supplies, recreational 
facilities, and suitable fish habitats all 


have their 


Water 


aril 


particular 
uitable 


requirements 
for one use 18 not neces 
The 


en to regulatory agencies 


table for other uses. 


only COUT se 


administrators is to determine, 1 


po ible, the 


and 
optimum water quality 
and the 


each use; then set up 


relative im 


portance ol 


criteria of quality which will accom 
plish maximum benefits for all uses 
in accordance with their importance 


within the scope of practical eco 
procedure 
basie er} 


present several 


teria have been used by sanitary engi 


to test the necessity for pollution 


abatement and the efficacy of the vari 


ous methods of control. First among 
these has been the existence of condi 
tions which were suitable for human 


March, 1955 


health, usually judged on the basis 
of bacterial counts, tastes, odors, and 
metal The second im- 
portant been re- 
duction of biochemical oxygen demand 


heavy content. 


consideration has 
in sewage effluents to the lowest possible 
levels. A third which 
has been important in areas where rec- 


consideration 


reational and commercial fishing is car- 


ried on is the acute toxicity of certain 


wastes to fish. Recently, attention has 
effects of 


chemicals on human health and indus 


been given to the certain 


trial processes. Criteria have usually 
been based on the quality of effluents 
rather than on the resultant quality of 
the receiving waters, and have ignored 
which 
waters. 


and 
the receiving 
effects on 
aquatic life and harvestable fish crops 


the antagonism synergism 


may exist In 
Long range 


production of 


have been overlooked as unimportant 
or beyond the seope of the engineer and 
regulatory agency 

Since most 
with 


quality 


agencies 
suitable 
have 


have 


states 
charged maintenance of 


water many attempts 
been made to set up absolute criteria 
in terms of parts per million of par- 
These have 


been general in their application and 


ticular wastes 
based on inadequate data concerning 
the ability of 
sorb 


natural waters to ab- 


varying quantities of pollutants 
afely according to their location and 
The com 


natural chemical qualities 


bined effect of pollutants has usually 
also been overlooked in these stand 
ards Although the deficiencies of 
these standards are generally under- 


stood by those who employ them, pub 
administrative neces 
their until a 
more adequate basis for judgment is 
In the 
ministrative 


lic demand and 


sity will eontinue use 


procured meantime, active ad 
agencies such as the Com 
mission are seeking bases for standards 


W hic h 


enforceable 


will be realistic, attainable, and 


Evaluation of Literature 


It is generally accepted that criteria 
of water quality must be based on the 
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scientific data available. How- 
ever, the literature is large and is often 
contradictory. The experiments and 
observations cover a wide range of ma- 
terials, but there are tremendous gaps 
in the scientific knowledge. It is there- 
fore apparent that establishment of 
new water quality criteria can be made 
only after a thorough search of the 
existing literature has been accom- 
plished and the available scientific data 
are evaluated in the light of present 
requirements. In response to this need, 
various organizations have instituted 

literature search and 
Within the scope of the 
Commission, several of the industrial 
committees and the Kettering Labora- 
tory have engaged in this work. In 
recognition of the magnitude of the 
task and the nature of progress al- 
ready made, the Aquatic Life Advisory 
Committee has prepared a recommenda- 
for further procedure on this 
problem 


best 


programs of 


evaluation. 


tion 


During the past several years per- 
sonnel of the Biology Section, Robert 
A. Taft Sanitary Engineering Center, 
USPHS, have made extensive searches 
of the literature on the toxicity of 
various substances to fish. The first 
and second reviews of Doudoroff and 
Katz (1)(2) have already been pub- 
lished; their review dealing with eya- 
nides and other inorganic substances 
is expected to be published shortly. 
These authors expect to complete their 
series of reviews by 1960 if the sched- 
ule which can be main- 
The actual time consumed in 


has been set 
tained 
producing these reviews will have been 
the better part of a decade. 

Because the critical evaluation of the 
literature will take more time and effort 
than the members of the ALA Commit- 
tee are free to devote to such studies, 
and in order to produce results in the 
immediate future, it is recommended 
that: 


1. The Aquatie Life Advisory Com- 
mittee use the reviews of Doudoroff 
and Katz as a general basis for their 


evaluation of existing scientific in- 
formation, taking note of gaps in sci- 
entific knowledge and appraising their 
evaluation; use these reviews as a basis 
for establishing water quality criteria 
where coverage justifies such use ; and 
use these reviews as a basis for recom- 
mending areas where further research 
is necessary. 

2. A program of aid to Doudoroff 
and Katz be sponsored to speed up the 
completion of the review of the litera- 
ture on toxicity. By furnishing these 
investigators with aid in the form of 
three persons (two should be qualified 
in the field of aquatic biology, physi- 
ology, and chemistry and the third as 
secretary) the time necessary for com- 
pletion could be cut to two years. 

3. The present literature search be- 
ing conducted by industry committees 
and evaluations by Kettering Labora- 
tories be continued to broaden the base 


of the search, provide another point of 


view on literature appraisal, and pro- 
vide abstracts on literature not in the 
field covered by Doudoroff and Katz 


General Approach to Setting of Cri- 
teria 


In the setting of water quality eri 
teria the that at 
tention should be given primarily to 
the condition of the stream after it 
has received the pollutant rather than 
to the nature of the individual effluents 
which empty into it. After suitable 
stream have deter 
mined, the various effluents can be ad 
justed to maintain the desired stream 
quality. The problems and difficulties 
which will be encountered in this type 


committee believes 


conditions been 


of approach are not minimized, but 
any other will fail to achieve the end 

Since producing an effluent 
will not kill fish 
alone is no guarantee that this material 


sought. 
which when acting 
when combined with others already in 
the stream will not prove harmful, final 
condition of the stream will be the 
It is realized that 
much work must be done on each local 


basis of evaluation 
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exact 
can be 


problem to determine the 


amounts of material which 


placed in a stream at various levels of 


water flow before final requirements for 


individual pollutors can be made. To 
accomplish prompt results, the com 
mittee believes that minimum require 
ments should be set at a level where 
the effluent after it enters the river 


to fish or measur 
effect on 
measured by bioassay 
Because the 


terial varies 


nas no acute toxicity 
de 


able rious aquatic or 
toxicity of 
with the quantity 


materials in the 


most ma 
and 
type of other waste 


and with the nature of the receiving 


water, it onsidered to be impractical 
in most cases to set standards in terms 


of parts per million. The committee 
therefore recommends that water qual- 
established 


arried on in accordance with 


ity eriteria be in terms of 


standard procedures approved by the 


Dissolved Oxygen Requirements 


At the outset it should be pointed 
out that the minimum dissolved oxy- 
gen level proposed herein is that 


suitable for the 
a normal population of warm-water 


deemed maintenance 


game and pan fishes, and of the forage 
fishes associated with them. It is not 
to be regarded as suitable for game 
fishes of the family Salmonidae 


Dissolved oxygen in a body of water 
derived 
rom the atmo phere or from the photo 
“v1 thetie acti ity of The 


amount of oxygen that can be held in 


under natural conditions is 


plants. 


olution varies inversely with the salt 
and the temperature of the 
W hil the effect of 


oncentrations tolerated by fresh-water 


content 


salts at 


water 


fish ne | ible the effect of tem 
perature is so great that at 86° F. the 
solubility of oxygen in water is little 


more than half that at 32° F. Varia 
tions in photosynthetic rate and tem- 
perature can cause the oxygen content 
of a body of water to fluctuate consider 


ibly, but the magnitude of these fluc 
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tuations is increased by the steady 
removal of oxygen by aquatic animals, 
and by the requirements of 
aquatic plants at night. A succession 


of sunny days in warm weather may 


oxyven 


increase the algal population markedly, 
and when such a period is followed by 
cloudy weather, the algae may further 
deplete the oxygen supply. If the wa 
ter is polluted by substances that con 
tribute to the removal of oxygen 
through the action of bacteria on them, 
the magnitude of the fluctuations in 
the dissolved oxygen concentration may 
be still An accumulation of 


the effects of these factors may cause 


greater 


the oxygen content of a stream to vary 


over a range of 20 p.p.m. or more 
during a 24-hr. period. 
It is known that when other con- 


ditions are favorable certain species 
of fish can survive for short periods of 


time at dissolved oxygen concentrations 


as low as 1 to 2 p.p.m. There is evi- 
denee, however, that many important 
species cannot survive at this level. 


rate caused 
by muscular activity greater than that 
of the resting level or by an 


An increase in metabolic 
increase 
in the temperature of the water will 
increase the demand for oxygen, and 
it is doubtful that the supply available 
at these concentrations would be ade- 
quate. At as 1] 
to 2 p p.m is less able to with 
stand the effects of other solutes that 
might interfere with the diffusion of 
oxygen into the blood. An increase in 
the carbon dioxide content of the wa 
under 
lowering of the pH 


oxygen levels as low 


a fish 


ter or, some circumstances, a 


will lessen the 


The 


imposes an 


animal’s ability to extract oxygen 


presence of heavy metals 
additional burden on the respiratory 
mechanism because it coagulates a film 
that 


oxygen penetration more difficult. At 


of mucus over the gills makes 


low oxygen concentrations a fish may 
conditions whereas at 


such 


die under 
higher concentrations it could survive 


Intensive studies conducted over a pe- 
riod of 14 months by the USPHS on 
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Lytle Creek, a small stream near Cin- 
cinnati, Ohio, where the fish population 
may be considered representative of 
those in the Ohio Basin, showed that a 
well-rounded fish population occurred 
only in those portions of the stream 
where oxygen levels did not fall below 
3 p.p.m. 

In the upper recovery zone, where 
minimum dissolved oxygen was be- 
tween 1.0 and 1.6 p.p.m., fish were 
usually absent. In the lower recovery 
zone, where minimum dissolved oxygen 
was from 1.6 to 2.0 p.p.m., an abund- 
ance of rough fishes occurred. 

In view of the foregoing facts, rec- 
ommendations for suitable dissolved 
oxygen levels must take the following 
considerations into account: 


1. The minimal oxygen requirements 
of the fish. 

2. The necessary margin of safety 
required to allow for activity, increased 
body temperature, increased carbon di- 
oxide, lowered pH, and the presence of 
toxic substances. 

3. The fact that a fish may tolerate 
a low oxygen concentration for a few 
hours, but will not thrive if this level 
is maintained indefinitely. 

4. A well-rounded fish population 
does not occur in areas where the 
oxygen content falls below 3 p.p.m. 
and a coarse fish population does not 
occur when the oxygen concentration 
falls below 2 p.p.m. 

5. The quantity of dissolved oxygen 
in natural waters may fluctuate over 
a wide range. 

6. A fall in the oxygen concentra- 
tion to an anoxial level, even for a 
short time, or infrequently, may de- 
stroy the fishing potential of a stream, 
if not the entire fish population. 

7. The recommendation of an aver- 
age value for dissolved oxygen would 
not set the critical lower limit on the 
permissible oxygen level. 


The Aquatic Life Advisory Commit- 
tee recommends, therefore, that until 
future research indicates that a recon- 


sideration is desirable the minimum 
permissible oxygen concentration for 
a well-rounded warm water fish popu- 
lation shall be as follows: 


The dissolved oxygen content of warm- 
water fish habitats shall be not less than 
5 p.p.m. during at least 16 hr. of any 
24-hr. period. It may be less than 5 
p-p.m. for a period not to exceed 8 hr. 
within any 24-hr. period, but at no time 
shall the oxygen content be less than 3 
p-p.m. To sustain a coarse fish population 
the dissolved oxygen concentration may be 
less than 5 p.p.m. for a period of not more 
than 8 hr. out of any 24-hr. period, but 
at no time shall the concentration be be- 
low 2 p.p.m, 


The committee further recommends 
that dissolved oxygen determinations 
be made in aceordance with the pro- 
cedures specified in the 10th Edition 
of ‘Standard Methods’’ (3). 

Oxygen concentrations are expressed 
as parts per million, rather than as 
percentages of saturation, since the 
oxygen value expressed by the latter 
term varies with changes in tempera- 
ture. Table I illustrates the effect of 
temperature on the oxygen holding ca- 
pacity of pure water and the relation- 
ship between oxygen content in parts 
per million and percentage of satura 
tion. At a water temperature of 41° 
F. (5° C.) a level of 75 per cent of 
saturation would contain 9.57 p.p.m. 
dissolved oxygen, whereas at 86° F., 
(30° C.) the same percentage satura- 
tion would be attained with only 5.65 
p.pm. At temperatures of 90° to 96° 
F’., which are not uncommon in the habi 
tats of warm-water fishes, water with 
75 per cent of saturation would contain 
still less dissolved oxygen. It is evi- 
dent, therefore, that 75 per cent of 
saturation would represent an ample 
level at 41° F. but would be barely 
adequate at 95° F. The marginal ade- 
quacy of 75 per cent of saturation at 
the latter temperature is obvious in 
view of the fact that the metabolic 
rates of fish and other aquatic animals 
increase as the temperature rises. 
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TABLE L.—Dissolved Oxygen Content of Pure 
Water at Various Temperatures and at 


Selected Percentages of Saturation, 
Expressed in P.P.M.' 


i at Vercentage of Baturation 

0 5.64 7.20 10.91 | 14.57 

i] 6.45 9.57 | 12.75 

10 2.382 8.46 | 11.27 
1D ye] 2.52 5.04 7.56 10.08 
20 6S 2.27 1.55 6.835 9.11 
20 2.07 4.14 6.21 
1.43 4.77 5.65 7.53 

1.76 51 5.27 7.02 
'Values for ‘100 per cent of saturation” 
based on oxygen content of water saturated 
with air (free of NH, and CQO») at total pres 


sure of, 760 mm. Hg (air plus aqueous tension 


(4). 


that 
conducted in such 


necessary 


adi olved OX he 


sampling for 


a manner that fluctuations in oxygen 


concentrations are noted. In a pol 
luted stream where there is photosyn 
theti activity, oxygen levels are 
usually highest between 2:00 and 4:00 
and lowest just before or just 
utter inrise 
Samples for oxygen determinations, 
therefore, should include some taken 
during periods just before and just 
after sunrise and at any other times 
likely to be eritical (that is, during 


periods of low water and high tempera 


ture, and on cloudy days during pe 


riods of exceptionally warm weather 


pH Requirements 


fishes have been found in cer 


tain lakes and streams at pil values 


is low as 4 and as high as 10 or above 


he population present under such ex 
treme conditions is usually limited to 
a Tew species and is the result of a 


long period of acclimatization. Obser 
vation and experimental studies indi 
ate that 


hydrogen-ion concentration 


pre bablv does not affect fish adversely 
»and pH 9 


and also some age groups, are 


Some species 


petween pi 
of fish 
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more sensitive to extremes of pH than 
are others 

The addition of an acid or an alkali 
to affect fish ad- 
versely, even though the pH range 5 
The effects may 
be direct, arising from the nature of 


to a stream is likely 
to 9 is not exceeded. 


the acid or alkali itself, entirely apart 
from its effect upon pH, or indirect, 
because the pH effect upon 
other solutes in the Some ma 
terials pH, 


more toxic at high 


has an 
water. 
are more toxic at low 
whereas others are 


pH levels 


Direct Effects of Adding Acids 


Highly dissociated inorganic acids do 
not appear to be toxic at pH values 
If added in quantities suffi- 
cient to lower the pH below 5, however, 
they are 


coagulate 


above 5 
toxic, perhaps because they 


mucus over the gills and 


thereby interfere with the respiratory 
exchange. Organic acids and poorly 
dissociated inorganic acids may be toxic 
either be 
cause the anion or molecule is directly 
itself 


hydrosulfuric, 


at pH values well above 5, 
toxic for example, hydrocyanic, 
tannic, 
undissociated 


hy pochlorous, 


ete.). or beeause the 


acid molecule is able to penetrate the 


external membranes of the fish and 
affect the pll of the blood In the 
latter case, the acid may affect 
the CO,- and O,-combining power of 


the blood 


the concentrations of 


It should be noted also that 
such acids re 
quired to lower the pH to 5, especially 
if the water is buffered, may be heavy. 
It follows that pH is not a reliable 
index to pollution by acids, the toxicity 
of which is due chiefly to the undis 


sociated acid or acid gas 


Indirect Effects of Adding Acids 


In very alkaline waters the addition 


of strong mineral acids may bring 


about the release of CO, in quantities 
which are harmful to fish life In 
polluted waters the foregoing effects 
will be aggravated by the fact that 


lowering pH will increase the toxicity 


we 
> 
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of such pollutants as cyanide and 
heavy metals. For example, a drop of 
about 1.5 pH units can cause almost 
a 1,000-fold increase in the toxicity of 
a metallo-cyanide complex. 


Direct Effects of Adding Alkalies 


Highly dissociated inorganic alkalies 
do not appear to be toxic at pH values 
below 9. Organic bases and poorly 
may be 
however, 


inorganic bases 
toxic at pH values below 9, 
because the 


dissociated 


cation or undissociated 
may be toxic. As with or- 
ganic and poorly dissociated inorganic 
acids, the required to 
change the pH over several units might 
be rather great. Ammonium hydrox 
ide (NH,OH), for example, is toxic 
in concentrations insufficient to raise 
the pH to 9. Here again pH may not 
be regarded as a suitable measure of 
pollution. High pH levels are often 
produced in fertile waters through the 
photosynthetic activity of the phyto 
plankton, which removes CO,. Because 
these high levels are of short duration 
they do not produce the harmful ef 
fects of continuous high levels due to 
strong alkalies 


molecule 


concentration 


Indirect Effects of Adding Alkalies 


waters the addition of 
non-toxic alkalies in quantities suffi 
cient to raise the pH to 9 would prob 
ably have no indirect effects. In pol 
luted waters, however, the increase in 
pH may affect the toxicity of such 
pollutants as ammonia, ammonium hy 
droxide 


In natural 


ammonium salts, ete. 


Other Considerations 


It has been observed that the pH 
of most productive streams falls in the 
When the pH 


falls below 6.5 or rises above 8.5, many 


range of 6.5 to 8.5. 


of the basic nutrients become tied up 
unavailable to the plants 
and the over-all productivity and the 
production of fish food organisms is 
The non-lethal limits of pH 
are narrower for some fish food or 


so they are 


lowered 
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ganisms than they are for fish. For 
example, Daphnia magna does not sur 
vive experimentally in waters having 
a pH below 6. For these reasons it is 
apparent that to maintain optimum 
fish production pH values should be 
maintained in the range of 6.5 to 8.5. 

In view of these considerations, the 
Aquatie Life Advisory Committee ree- 
ommends : 


1. That pH be recognized as a poor 
criterion for the expression of toxicity of 
acids and alkalies in general, and that its 
restricted to the of the 
addition of highly inorganic 
acids and alkalies known to be non-toxic 
within the pH range of 5 to 9. 

2. That at no time shall acid be added 
in quantities sufficient to lower the pH 
alkalies sufficient to 
the pH above 9; and that, insofar as pos 
sible, pH 
6.5 and 8.5 to maintain the productivity 
of the water for aquatic life. 

3. That the addition of ammonia (as 
NH, or NH,OH), poorly dissociated in 
organic acids, and organie bases and acids 
shall be regulated not in terms of pH, 
but in their toxicities as 
established by bioassay. 


use be control 


dissociated 


below 5, nor raise 


values be maintained between 


terms of own 


Criteria for Judging Toxicity of 
Wastes by Bioassay 


In the 
abatement 


pollution 
it would be eon- 


development of 
programs 
venient to have precise standards es- 
tablished for the disposal of industrial 
The tasks of both industry 
and regulatory agencies would be much 


wastes 


simpler if such standards could be set 
Since the oxygen and pH requirements 
of many fishes and some other aquatic 
studied inten 
possible to recommend 
these 


substances, 


organisms have been 
sively, it is 
factors 


criteria pertaining to 


Criteria for many how 
ever, cannot now be established because 
the requirements of fishes and other 
aquatic organisms have not been estab 
lished Further, such 


have deter 


quantitatively 


tolerance limits as been 
mined for individual waste components 


are not always applicable to all im 
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waters and es- 
tuations where a mixture 


portant species in all 
pecially to 
of chen icals involved 
Published data on the toxicity of 
industrial waste reveal 
that 


the lethal concentrations of these sub 


components 
there is considerable variation in 
stances. This fact is not surprising in 


view of the diversity of waters that 
have been used as diluents and of or- 
ganisms used in the experiments de- 
The toxicity 


tances varies greatly from 


scribed in the literature 
of many sub 
one water to the next, depending on 
the nature and quantities of dissolved 
materials present. For instance, some 
waters are highly buffered and are able 
to neutralize large 


ot} ers 


amounts of acids, 


whereas are only slightly buf 


fered and consequently can neutralize 
little acid Ammonia is much more 
toxic in alkaline waters than in neu 
tral and acid waters. On the other 
hand, cyanides are more toxie in acid 
waters than in alkaline waters. 


Aquatie organisms differ greatly in 
to toxic substances 
hes of the black 
and sunfish family are more resistant 
trout 
species of the minnow family, whereas 
the 


susceptible than an) fish species. 


their susceptibility 
For example fj bass 


to copper than are and many 


water flea, Daphnia, may be more 

Although tolerance limits are known 
for many materials, little is known of 
the toxicity of mixtures. Because 
mixtures and not 
substances, the toxicity of the 
not the individual com- 


ponents must be considered. The tox- 


wastes are usually 
single 
mixture and 
icity of such mixtures cannot always 
be predicted on the basis of the indi 
vidual toxicities of their components, 
as in the case where almost equally 


toxic solutions of copper and zine salts 


are combined. The resulting mixture 
ean be much more rapidly fatal to 
fish than were the component solutions. 
that 


posed of in a manner that will leave 


In order wastes may be dis- 


the receiving water unimpaired bio- 
logically, evaluation of their toxicity 
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the receiving water 
This end can be achieved 


to organisms in 
is essential 
only through bioassays performed un- 
der appropriate experimental condi- 
tions. 

Procedures for conducting bioassays 
for the the tox- 
icity of have 
prepared by a committee of the Fed- 
and 
The committee’s 


direct evaluation of 


water pollutants been 


eration of Sewage Industrial 
Wastes Associations. 
report (5) contains recommendations 
on the choice and preparation of test 
animals; the selection and preparation 
of the experimental water; tempera- 
test 
procedure, reporting, interpreting and 
use of bioassay results; auxiliary meth- 
ete. In this report it is recom- 
mended that the toxicity 
tests be expressed as median tolerance 
limits (TL,,). TL, is the concentra- 
tion of the substance or waste In ques- 
tion which kills one-half the animals 
in a specified period of exposure (for 
example, 48-hr. TL»). These proced- 
ures are now in use in industrial, state, 


tures; containers; experimental 


ods: 


results of 


and federal laboratories. 

of toxi- 
industrial 
wastes are those which can be tolerated 
indefinitely by all (and 
not only 50 per cent) of all significant 


concent rations 
waters 


Permissible 
eants in receiving 
individuals 


species of aquatic organisms, including 


organisms which serve in the food 


ehains as well as fish and others of 
direct economic and recreational im- 
portance, in all stages of their life 


history. Therefore, the concentration 
of toxic industrial wastes should never 
be more than a small fraction of that 
which under experi- 
mental conditions is demonstrably fatal 


concentration 


within a limited period of time to 50 
per cent of the test animals used in 
the It is believed that the 
result of the 48-hr. TL,, multiplied by 
an application factor of 0.1 represents 


bioassay 


a concentration of waste which usually 
will not produce adverse effects on the 
aquatic organisms as 4 whole. In some 


instances more thorough investigations 


<9) 
2 


Vol. 27, No. 3 
of the toxicity may reveal that a 


greater application factor is adequate. 
However, in other instances a much 
application factor may be 
Different application 
factors should be established for differ- 
ent types of wastes depending on their 
chemical and toxicological properties 
and the nature of the receiving water. 
The application factor of 0.1 is in- 
dicative of the probable average and, 
therefore, is tentative and should be 
modified as conditions demand. 

In view of these considerations the 
Aquatic Life Advisory Committee 
makes the following recommendations 
for controlling the disposal of toxic 


smaller 


found necessary. 


wastes: 


1. The toxicity of wastes to aquatic 
life in the receiving water can most 
effectively and reliably be determined 
by means of bioassays. 

2. The bioassay methods for the 
evaluation of acute toxicity of indus- 
trial wastes to fish described and rec- 
ommended by the Committee on Re- 
Sub-committee on Toxicity, 
Section III, Federation of Sewage and 
Industrial Wastes Associations are en- 
dorsed., 

3. The final concentration of any 
waste in the receiving water should be 
no greater than the 48-hr. TL,, X 0.1 


search, 
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(that is, the 48-hr. TL,, as determined 
by the bioassay methods recommended 
multiplied by 0.1, the tentative appli 
cation factor). Other application fac 
tors may be used in specific cases, but 
after thorough 
justifying their use have been made 


only investigations 


The Aquatic Life Advisory Commit 
in recommending the 
method as a practical and applicable 
method for measuring the toxicity of 
wastes to aquatic organisms in waters 


tee, bioassay 


receiving such wastes, recognizes that 
there are certain limitations to the ap 
plication of the method which definitely 
affect the 
Consequently, the person or 


interpretation of results 
persons 
attempting to apply bioassays to the 
problem must use considerable judg 
ment in organizing each test, such as 
Con 
the 
recognize 
limiting factors in each test. There 
the that 
bioassays be conducted by persons of 


the selection of test animals, ete. 


siderable care must be used in 


drawing of conclusions to 
fore committee recommends 
recognized experience and training in 
this field This 
made for the sole purpose of assuring 


recommendation is 


that the results obtained from bioassay 
tests be of the highest quality and 
greatest reliability. 
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THE FINAL STEP IN SEWAGE TREATMENT * 


By Kari 


Consulting Enaginecr 


Until 15 years ago it was commonly 
held that a high nitrate content of a 
biologically treated sewage effluent was 
significant of a high degree of purifica 
tion. Today, however, high nitrates are 
considered desirable. Ni- 
trates are very efficient fertilizers (1) 


3), and in receiving waters they 


not alwa: 


may stimulate the growth of aquatic 
n objectionable quantities, The 


plants pollute the water; they die; and 
they can form new putrescible and 
malodorous sludge. An example is a 


lake in the Wupper region of Germany 
which was receiving effluent from an 
efficient trickling filter plant. <A simi 
lar situation of aquatie plant growth 
is created by the effluent from the acti 
vated sludge plants of Chicago (4). 
(Under certain circumstances it is 
also possible that in natural surface 
water fertilizing salts are produced 
by the process of  self-purification 
These salt 
objectionable aquatic plant growth far 


tablish their presence by 


downstream, An example of this con 
dition was reported for the German 
ity of Wiirzburg (5 At the time, 
Wiirzburg, a city of 100,000 popula 
tion, had no sewage treatment plant 
with the result that all treatment de 
pended on the self-purification capacity 
of the River Main. During this pe 
riod, especially at low water, algae 
grew in enormous quantities for a dis 
tance of 60 mi, downstream. Where 
the water was dammed up, 75 mi. be 
low the sewer outfall, the decay of dead 


algae caused a serious fish kill, The 


* Translated from Zeits. des Deutschen Ver. 

Gas Waaserfachminnern (GFW), 95, 18. 
61 1954 by Werner Stumm, visiting 
scholar in Sanitary Engineering, Harvard 
University, Cambridge, Mass. 


, [MHOFF 


Essen, Germany 


conclusion is that the caleulation of the 
load capacity of a stream must some- 
times include the effect of the concen- 
tration of fertilizing salts. 


Maintaining Low Nitrate Content 
During Treatment 


The rule today is to keep the content 
of nitrates and other fertilizing salts 
in the treatment plant effluent as low 
as possible rather than so high. 

Sewage sludge has been shown to be 
the principal source of nitrates. There- 
fore, it is essential that the sludge 
formed during biological treatment be 
separated and withdrawn from the sew 
age as completely and frequently as 
possible. This leads to the following 
obvious requirements: 


1. For irrigation areas, efficient pri 
mary settling tanks are necessary. 

2. Trickling filters must be kept as 
free of sludge as possible. This can be 
done by using a high rate of loading 
per area and recirculating the sewage 
if necessary 

3. In activated sludge systems the 
solids content in the aeration tank must 
not be too high nor the aeration time 


too long 


Control of Objectionable Aquatic 
Plant Growth 


Many receiving waters are subject 
to objectionable growths of aquatic 
plants The responsible fertilizing 
salts are contributed to the surface wa 
ters not only by sewage and industrial 
wastes, but also by surface-water drain 
age from agricultural areas. Accord- 
ing to Miiller (6), the enormous plant 
growth in streams and lakes does not 
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occur if nitrate as N, is kept below 0.3 
p.p.m. and the total nitrogen as N, is 
below 0.6 p.p.m. In most cases, how- 
ever, the nitrogen content is higher, so 
that it has become general practice to 
control plant growth through the use 
of chemicals or other means, 

Algae grow rapidly during the sum- 
mer months in ponds and reservoirs 


serving as water supplies. Clogged 


sand filters frequently result as well as 
taste and odor in the drinking water. 
The usual method of control is to apply 


copper sulfate during the early stages 
of algae growth. 

It is also possible to use chlorine 
for algae control purposes. Kaempffe 
(7) reported an example of chlorine 
application in a large collecting ditch 
draining well-nitrified effluent from the 
Berlin-Carolinenhéhe irrigation area 
Under the influence of sunlight and 
fertilizing salts the water became cov- 
ered with masses of floating algae. De- 
composition of these growths produced 
a putrescent mud, It was too expen- 
sive to remove the floating algae and 
the mud. Accordingly, chlorine was 
used with considerable success during 
the four summer months of 1952. It 
was possible to keep the ditch free of 
algae using only 0.85 p.pan. of chlo 
rine. The treatment cost was approxi 
mately $0.90 per day for the sewage 
from a population of 100,000. The 
presence of frogs, small fish, and water 
beetles indicated that the biological 
equilibrium had not been seriously dis 
turbed 

The fertilizing effect of the nitrates 
depends on the phosphate content in 
the water. Therefore, it is possible 
that the effects of nitrates can be re- 
duced by keeping the phosphates un- 
der control 

Sawyer (8) proposes to coagulate 
the phosphates in the sewage treatment 
plant effluents by using iron chloride 
According to Owen (9), phosphates 
also can be precipitated with lime. A 
eritical review of the different possi- 
bilities of phosphate removal is given 
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by Lea, Rohlich and Katz (10), who 
recommended alum as the coagulant. 
Thomas (11) made an investigation of 
many over-fertilized Swiss lakes to de- 
termine whether or not nitrates or 
phosphates are the important minimum 
factor responsible for the enormous 
growth of algae, and if so, under what 
conditions. The important role of 
phosphates also has been pointed out 
by Ohle (12)(13). Despite the diffi 
culty of drawing definite conclusions, 
however, it is certainly possible in 
many cases to minimize the effect of 
nitrates by reducing to a minimum the 
phosphate content of the sewage efflu- 
ent. 


Separating Fertilizing Salts from 
Sewage Effluents 


In Germany fertilizing salts are fre 
quently removed from sewage treat 
ment plant effluents by means of spray 
irrigation. Large areas are required 
because one acre is needed to handle 
the daily volume of sewage originating 
from 12 persons 

This method doubtlessly keeps the 
receiving waters free from fertilizing 
salts and provides the irrigated plants 
with nitrates and phosphates. A dis 
advantage is that all of the effluent 
is lost through evaporation and trans 
piration. This procedure can only be 
recommended if there is no need for 
the sewage treatment plant effluent 

Another possibility is the discharge 
of the treatment plant effluent to large 
ponds where aquatic plants would be 
grown and collected regularly. The 
proposal has been made by Iloward 
(14)(15) to use the floating water 
hyacinth in sewage ponds of South 
Africa. This plant grows in enormous 
quantities in over-fertilized streams of 
the Southern United States. Calcula 
tions based on the climate in South 
Africa indicate that 445 acres of ponds 
would be sufficient for the separation 
of the fertilizing salts from the treated 
sewage originating daily from a popu 
lation of 100,000. The collected hya 
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cinths can be composted and the re 
ulting humus used for agricultural 
purposes One acre of pond would 
handle the treated wastes from 225 
persons, Compared with 12 persons 
per acre by means of spray irrigation 
the result is an important saving in 
and area 

It j usually necessary Lo collect and 
remove the floating aquatic plants 
When removal is not practiced and the 
rowth of aquatic plants is enormous 
floating islands are formed by the ag 
rlomerating plants (16 

It is much more difficult to remove 
the small algae from a pond than the 
large floating plant In recent years 
ome researc} vork has been done In 
the United States and Japan on the 
cultivation of algae as a food supply 
Reports on this work reveal how diffi 
cult it is to eultivate certain specie 
of algae and to se parate them from the 
water Sand filtration of the alga 
hearing water has been proposed by 
Leibee and Smith 17 3 that the 
algae can be obtained by backwashing 
the filter 

In most case it Is easier to remove 
the settled mud caused by the death 
of the algae than to remove the living 
lone This must be done before de 
composition of the mud affects the dis 
olved oxygen content of the water 
Oxygen depletion from this cause is 
known to occur in deep Swiss lakes 
It does not oceur in the shallow arti 
ficial lakes of the Ruhr area because the 
ettled mud is regularly washed away 
by his 
are loaded with sewave to a wreater ex 
tent than the Swiss lakes 


rh water, even though these lakes 


In artificial ponds, where the water 
is defertilized by algae, it is necessary 
from time to time to pump out the 
mud The previously mentioned col 
lecting ditch of the Berlin Carolinen 
hohe installation wa: cleaned in this 
manner prior to the use of chlorine 

This collecting ditch is 0,684 mi. in 
length, with an average di pth of 3.94 


ft. and a width of 24.6 ft., producing 
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a surface area of 2.05 acres and a vol 
ume of 274,000 cu. ft. The volume of 
8 26.4 gal. per sec. at a velocity 
® ft. per min., resulting in a 22 
hr. detention period. The treated sew 
ave from a population of 100,000 en 
tered the ditch in the summer with 100 
p.p.m. of nitrates and no ammonia 
After flowing 165 ft. the nitrate con 
tent was reduced to 65 p.p.m. Further 
determinations were not made 

The ditch mud, containing prinei 
pally decayed alga analyzed two 
thirds sand and one-third iron oxide 
after ignition. The mud dried within 
a few days. 

This experience may provide some 
uggestions for special cases where it 
is desirable to make use of artificial 
ponds in order to eliminate objection 
able fertilizing salts. Based on ecaleu 
lations for the previously described 
ditch, an acre of water surface is 
needed for the defertilizing treatment 
of the treated sewage effluent from a 
population of 16,200 

If the defertilizing in shallow ponds 

used, the detention period should be 
1 to 3 days with a sewags loading of 
16.000 persons per acre Pond depth 
hould be not less than 4 ft. in order 
to prevent the growth of rooted water 
plants, which must be cut. The high 
yperating costs of this treatment ean 
be reduced by using the ponds only 
during the summer months when large 
ilgae growths are a nuisance. Further 
investigations are necessary on the 
nitrate reducing capacity of these 


ponds 
Conclusions 


Sewage cun be treated in three steps 
n accordance with requirements: The 
first step 1s mechanical purification in 
ettling tanks; the second, partial bio 
logical purification ; and the third. com 
plete biological treatment by trickling 
filters, activated sludge, or irrigation 
A fourth step may be added for the 
removal of fertilizing salts, especially 


the nitrates 
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Two possibilities for this last step 
in treatment are spray irrigation over 
large areas or the use of shallow ponds 
from which the floating aquatic plants 
and settled mud are removed periodi- 
cally. Both methods are expensive and 
require large areas. Spray irrigation 
also has the disadvantage of water loss. 
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In Germany this fourth purification 
step in most cases can be delayed for 
many years because there is more 
urgent work to done in the first 
three steps. Nevertheless, it is very 
desirable that the nitrate content of 
sewage works effluents be kept to a 
minimum, 


be 
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THE OPERATOR’S CORNER 


Conpbuctrep BY DonaLp P. ScuiesswouL 


CERTIFICATION 


About tnis 


forth 


time ol the thoughts 
plant operators turn 


short 


Veal 


to the schools 


oming con 
ferences, or operator certification ex 
aminations In other instances the 
operator has just returned from one 


He may be inspired; his interest in the 


profession has been rekindled and onc: 
more he has bright aspirations for th 
hand he 


school or 


other 
the 

ence or bitter over an 
The latter is an « perator who blithely 
went off to short Monday 


future On the may 


be disgu ted conter 


examination 


chool on 


morning with the thought that he 
would attend classes, enjoy associating 
vith his fellow operators, and then 
breeze through the examination for 
which the short school lectures had pre 


if he had heard that 
‘*tough,’’ he 
elf with the idea that 
the lee 
should 


pared hin Kven 
the examinations 
had delud d him 
if he paid elo 


ure and tucdied 


were 


attention to 
his notes he 
be able to gather enough 
thy 


VO ope rator 


points to 
lip by on examinations 


should expect to pas: 


examination with the material 
given at the short school alone The 
ti to learn the material required 
for an operator certificate is befor 
the hort hool Today an operator 
tudy and learn every day, o1 
tl iob and at home. so that he 

prepared before arriving at the school 
This preparation has an_ excellent 
psvcholo | effect on the operator 
Ile is not under the tension of having 
to remember rything the instructor 
i because he has to pass an examina 
tion but ather he is Open minded 


light 


sent in a new 


EXAMINATIONS 


that he 


become 


touched 
Ac 
can enter into the class 

The better 
for himself, his fellow students, 
and the instructor 


material has already 


upon or familiar with 
cordingly he 


discussions result is a 


course, 

In his studies an operator should try 
and the 
‘‘how,’’ rather than to rely on memory 


to understand the ‘‘why’ 


or a formula. Many men seek to learn 
for this formulas for 

their full of 
It is easy to learn formulas 
to get 
that they 


If the operator learns why and 


formulas and 
that until 


formulas 


heads are 


and in one’s 


head 
vether 


very easy sO Inany 


become jumbled to 
how, the solution to the problems can 
be reasoned out 

An instructor of many years experi 
stated that the 


found on 


ence recently most com 


mon errors examination pa 


those dune to n istakes in 


Ther 


number of correspond: nee courses 


pers are 


arithmetic now are available a 


in arithmetic These may he obtained 
the 


of 


general ex 
the state 
present 


for nominal fees from 
division of 
These 


arly with 


ension 
COuUrses 
dealing 
that 
st [nei 


proble mis 


those Situations 


an oper 


ad ntally, 


ato! 
the 


ised in many 


up 


again 


arithmetic learned can 


other types of work 
Self-education is an important step 


the professional status of 


the operator Kach of us must work 


a little harder in this important phase 


our professional lift As 


Spring be 


gins to awaken the earth, let each one 


resolve to take a more active part 
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SNAILS IN THE TRICKLING FILTER 


By Grorae T. 


Superintendent, Sewage Treatment Plant, 


Many interesting creatures live in 
trickling filters and there is no excep- 
tion at the University of Florida sew- 
age treatment plant (see THis Jour- 
NAL, 25, 9, 1104; Sept., 1953). At 
Gainesville, Fla., the University oper- 
ates a modern treatment plant de- 
signed for research work while treat- 
ing the sewage originating from the 
campus buildings. Both standard 
and high-rate trickling filters are used 
to provide flexibility for study pur- 
poses 

In spite of identical maintenance 
on both the 112-ft. standard-rate filter 
and 40-ft. high-capacity filter, the ro- 
tary distributor on the latter fre- 
quently stopped turning while the 
standard-rate distributor rotated per 


fectly This limited the souree of 
difficulty to the filter recirculation 
system Recirculation is accomplished 


by lifting the filter effluent into a 
head box where it mixes with the set- 
tled sewage and is discharged to the 
rotary distributor. Two 300-g.p.m. 
centrifugal pumps, electrode con 
trolled, accomplish the recirculation. 


Probable Trouble 


Examination of the mercury seal 
on the high-capacity filter, after the 
filter had not been functioning prop 
erly, revealed a fine black substance 
It was felt that this material might 
possibly be pulverized snail shells 
These could have been washed from 
the filter, picked up by the recircula- 
tion pump, and discharged to the 
head box, where they passed to the 
filter, settling in the mercury seal. 
The finely ground snail shells acted 
as an abrasive between the rotating 
and stationary portions of the dis 
tributor resulting in a slowing down 
of the mechanism. 


University of Florida, Gainesville, Fla. 


Snails in trickling filters are not 
uncommon; therefore, it was no mys 
tery that they were present. No prob 
lem is created when the filters are 
loaded as standard-rate filters, be 
cause the snails settle out in the see 
ondary clarifiers and are handled the 
same as the sludge, there being no op 
portunity for the snails to be returned 
to the filter influent 


Identity of Snails 


The snails have been identified as 
belonging to the genus Physa, a small 
fresh-water snail which is apparently 
tolerant of not exactly ‘‘fresh-water’’ 
conditions. They reach an average 
length of not quite '4 in., although this 
snail is reported to grow larger under 
other conditions, and lay their eggs 
within the filter bed 


Remedial Measures 


An attempt was made to kill all the 
snails present in the filter by means 
of chlorination. All plant influent was 
diverted to the standard-rate filter 
Using the recirculation pumps, the 
high-rate filter was kept dosed for three 
days with a chlorine residual of ap 
proximately 3 p.p.m 

Following this dosing the filter was 
thoroughly flushed Almost a wheel 
barrow load of these small snails was 
removed (Figure 1) from the recireu 
lation pump wet well. However, an 
unknown quantity of dead snails re 
mained in the filter bed 

The high-capacity filter was then 
placed back in service and operated 
without difficulty for a period of eight 
months before the snail killing opera 
tion was performed again It is pos 
sible that reinfestation occurred when, 


in the course of research studies, efflu 
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ent from the 
recirculated through the high-capacity) 
filter. 

A check 
the rotary distributor did not uncover 


with the manufacturer of 


any reports of a similar experienc 


The snails seem to be the only logical 


What do you do when there is back 
flow through sludge line check valves? 
Superintendent A. L MeGee of the 
Chehalis, Wash., sewage treatment 
plant was faced with the problem of 
having raw flow out of the 
sludge line to the digesters, back into 


sludge 
the clarifiers. The result was an over- 
loaded septic condition with seum and 


gas problems 
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standard-rate filter was 
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FIGURE 1.—Wheelbarrow load of small fresh-water snails removed from the recirculation 
pump wet well following prolonged chlorination of a high-rate filter. 


answer to the improper operation of 
the distributor. Entry to the mercury 
worn 
There is doubt that fine ma 
sluffing off the filter medium 


lag) could repeatedly cause stoppage 


eal may have been through a 
seal ring. 


terial 


of the rotary distributor 


AUTOMATIC VALVE FOR SLUDGE LINE 


To solve the problem, Superintend- 
ent MeGee automatic hy- 
draulie control for the plug valve in 

A hydraulic cylinder 
from a surplus equip- 
Connected to the hydraulic 
lines of the cylinder were two solenoid 
valves wired into the time-clock circuit 
A lever 
was fastened to the piston end of the 


made an 


his sludge line. 
was obtained 


ment store. 


controlling the sludge pump 


ad 

E 


FIGURE 1.—Hydraulic cylinder 


hydraulic cylinder (Figure 1) to open 
or close the plug valve when the cyl- 
inder was actuated. 

Now when the sludge pump starts, 
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Solenoid 
valve 
Plug 
valve 
L 
Hydraulic 
cylinder 
Rew sludge 


control for sludge line plug valve. 


the hydraulic cylinder opens the plug 
valve, and closes it when the pump 
Total was $65; result 
no backflow problem. 


stops. cost 


NOTES FROM A PLANT NEWSLETTER * 


August, 1954 


The average raw sewage flow pumped 
was 14.87 m.g.d. during the month of 
August. Grit removal was 18.4 cu. yd 
or 1.08 cu. ft. per million gallons. 

Douglas fir, formerly a disposal prob- 
lem at the rate of 200 tons per day, is 
now used for plasties. 

Maximum daily gas production did 
not quite reach 200,000 cu. ft. Aver- 
age daily production was 173,620 eu. 

. ft., having a CO, content of 32.5 per 
cent 

As computed from the sampling and 
metering of raw sludge drawn from 
the Little Miami settling tanks in Au 
gust, an average of 23,600 lb. of dry 
solids were removed daily from the raw 


* Extracted from the August, October and 
December, 1954, issues of ‘‘The Settling 
Tank,’’ newsletter of the Little Miami sew 
age treatment works, Cincinnati, Ohio, edited 
by D. P. Backmeyer, Superintendent. 


This is in contrast with a 
daily removal of 15,100 lb. of solids as 
calculated from samples of raw sew- 
age and plant effluent analyzed for sus 


sewage. 


pended solids. There is much room 
for improvement. 
What is the minimum safe height 


for waste gas burners mounted on plant 
building roofs? When the roof tar 
coating melts, things may be a little too 
hot! The roof temperature directly 
below the burners was 156° F. The 
roof temperature 30 ft. away from the 
burners was 122° F. Extensions on 
the burner stacks will prevent any 
possibility of fire in the future 

The B.O.D. reeorded in 
August for a daily composite sample 
of raw 


maximum 


sewage was 136 p.p.m.; the 
average for the month was 104 p.p.m 
The average daily removal of B.O.D 
was 38.5 per cent 


From theoretical tables developed by 
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the chloride dos 


' digested sludge at the 


ferric 


plant should be about 2.5 per cent 
atisfactory filtration rates using 3 to 
» pel ent ferric chloride were re 
tiy accomp! shed on plant seale op 
lhe man who keeps his mind on his 
WOrk ahead The man who kee ps 
} work on fh mind Crazy 
The volatile acid concentration in 
the digester ontinues to be less than 
1,500 p.p.n Total alkalinity in the 


primary digesters averages 2,500 p.p.m 


October, 1954 


volume treated 


at Little Miami in September was 


(6.16 The su pended solids of 
the raw ewau' averaged YOR p.p.m 
Plant eff ! was indicated by 96.5 
per cent removal of suspended solids 


removal of B.O.D 


cent 


matel pe rsous members 


ering Society of Cinein 


nati, and their families, inspected the 


plant facilities on Friday evening, Oc 
tober ] 
Copper sulfate solution is now being 
used to prevent mold growth in the 
filter cloths when the filters are 
not in use for veral days 
Approximately 380 persons visited 


the Little Miami plant on October 13 


Annual 


as part of the Federation 
Meeti progran 

tank car of ferric 
chloride unloaded on October 4 con 


tained 43.81 per cent ferric chloride 
he ost, anhydrous basi delivered to 
our siding was $4.07 per 100 Ib 

\ recordu dial indicator with a 
1O-i liameter 7-day chart is to be 
pre ded for ach of the 12 floating 
covers at Cincinnati’s new Mill Creel 
sewage treatment plant These dials 
will continuously record the position of 
the digeste overs 


October 12, when all the raw 
was added to the No. 1 digester 


of special loading 
164.530 en. ft 


On 
sludge 
as part ol a series 


tests, a total of of gas 
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March, 1955 
was produced. The production rate 
for this maximum day was 2.45 cu. ft 
of gas per cubic foot of digester ca 
There is no top scum 
the tank are 
cooking at this rate. 

A 30-gal. hot water tank at 50 p.s.i 


will have a 298° F. 


pacity in use 


problem when contents 


temperature of 
The energy potential under these con 
ditions is slightly over 2,000,000-ft.-lb.. 
the equivalent of 1 lb. of nitroglycer 
ine! 

Sludge digestion now proceeds at a 
rather normal pace after a somewhat 
Total 


production in September was 4,32 


stormy starting-up period. gas 
for a daily average production 
Assuming 100 eu. ft 
283,544 Ib. of 


solids were reduced by conversion dur 


eu. ft 
of 141,060 eu. ft 


of gas to weigh 6.7 Ib., 


ing the month 
Little Miami 


withdrawn for final disposal by vacuum 


digested sludge being 
filtration and incineration contained 8 
per cent total solids, of which 41.0 per 
Prior to con 
chloride, the 
elutria 


cent was volatile matter 


ditioning with ferric 
sludge alkalinity is reduced by 
to 650 p.p.m., 


tion from 3.000 p.p.m 


December, 1954 


The 
pended solids in the Little Miami raw 
sewage for the month of November was 

The effluent contained 152 
an over-all average removal 

The 
160 


p.p.m., 


concentration of sus 


average 


307 p.p.m 
p.p.m. for 
of 50.5 
B.O.D. 
effluent of 97 
39.4 per cent 


per cent raw sewage 


averaged p.p.m with an 


for a removal of 

Cineinati ¢ Manager A 
Harrel, on De the 
City Council that the sewage disposal 
section of the City office 
would conduct a continuous survey for 
the Mill Creek 


This is being done 


ity 
ember 1, informed 
Engineer’s 
gases in interceptor 
sewer because of 
the explosive gases present in the sewer 
n the early part of November 
Most big U. §S mills 
ising up to 230 m.g.d. of water. 


report 
Put 


steel 


: 
‘4 
tor 
A. L. Genter, 
ing rate for 
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al 
} 
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another way, the national average for 
water consumption per ton of steel 
produced is about 65,000 gal. Kaiser 
steel company reports using only about 
1,400 gal. of new water and recircu- 
lates 50,000 gal. for every ton of steel 
produced. Over-all its reclaiming sys- 
tem requires only 1,400 gal. of new 
water per ton of steel. Their Fontana, 
Calif., steel mill is located in a region 
where water is a premium item. 

Polluted water can be as bad as no 
water at all. It can be worse. Pol- 
luted water may fail to support life. 
It can destroy life. 

A total of 4,685,760 cu. ft. of sludge 
gas was produced in November. The 
suspended solids loading indicates an 
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equivalent population of 142,000. On 
this basis, the gas per capita gas pro- 
duction would be 1.10 eu. ft. 

One pound of activated sludge sol- 
ids is equivalent to 1% gal. of fresh 
cow’s milk with respect to kinds of 
amino acids present (protein deriva- 
tives). 

The word ‘‘automatic’’ should be 
used with great care, since anything 
that moves is subject to failure of op- 
eration at some time. 

On November 24, the laboratory men 
completed B.O.D. test No. 1000. 

On the whole, the two requisites that 
are most important in the operation of 
a Diesel engine are lubrication and 
cooling water. 


PUMPS FOR AN EXPANDING SEWAGE SYSTEM 


Embarked on a major program of 
expansion and improvement in sewage 
handling, Topeka, Kans., has found 
that its varied and extensive pumping 
equipment, installed over a period of 
26 years, can continue to serve with 
remarkably few additions. Some 
pumps which have been functioning 
efficiently since 1928 are marked for 
important roles in the new system. 

The city’s principal problem through 
the years has been a population growth 
which has continually outstripped both 
treatment and collecting facilities. As 
a result, with the population increasing 
from 33,608 in 1900 to approximately 
100,000 today, disposal facilities have 
lagged far behind the demand, and 
more and more raw sewage has been 
discharged directly into the Kansas 
Many districts found it neces- 
sary to combine both storm and sani- 
tary sewage lines, further aggravating 
the situation. 

Another complicating factor was the 
shift in population caused by the flood 
of 1951, the largest and worst on ree- 
ord. For every home this flood swept 
away north of the Kansas River, where 


River. 


most of the devastation was centered, 
a dozen or more were constructed to 
the south and west, the highest portions 
of the city. This placed unprecedented 
strains on existing sewers and forced 
the construction of new trunk 
into outlying areas. 

Meanwhile, the Air Force reactivated 
and expanded its base at Forbes Field, 
4 mi. south of the city limits, giving 
impetus to the building boom. Be- 
tween 1950 and 1952 the population 
jumped from 78,791 to an estimated 
92.304, an inerease of 13,513 or 12.1 
per cent in only two years. 

To meet these challenges and also to 
comply with a recent State Board of 
Health directive forbidding further 
pollution of state waters, Topeka has 
undertaken an extensive modernization 
and expansion program, calling for the 
addition of more than 16 mi. of re- 
lief sewer and the construction of two 
new lift stations. 

The effect of the new program will 
be to coordinate the seven individual 
sanitary systems within a single master 
plan of interconnecting sewers, chan- 
neling all raw sewage into the sewage 


lines 


* 
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treatment plant, which is 


being expanded from 8.5 to 14 m.g.d 


presently 


This will end all normal discharge of 
River 
and connecting waters and will eventu 


untreated sewage into the Kansas 


ally lead to a full separation of storm 
and roof water from the sanitary sys- 
tems. 

ive underground stations, equipped 
with a total of 10 vertical close-coupled 
pumps, have been added to the Topeka 
recent facilitating ex 


system in years, 


pansion into outlying areas and cutting 


construction costs toa minimum. Each 
of these highly-compact, fully-auto 
matic units consists of a steel tank- 


like pump chamber and entrance tube, 
4 pair of vertical close coupled pumps, 
and a ventilation 


to keep the station clear of 


automatic controls, 
system 
sewage gases at all times and prevent 
corrosion by dehumidifying the air as 
it enters 

The stuffing boxes on these pumps 
are kept supplied with a steady flow of 
grease under pressure by a special hy 
draulic-ram mechanism actuated by the 
pressure in each pump’s discharge line. 
As the pressure builds up, it forces the 


Kans., duplex residence is “home” for sewage lift 
pumps, housed on the left, and a sewage department employee’s family on the right. 
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all times. 


March, 1955 
ram in a connecting tube to push a 
ontinuous supply of grease into the 
stuffing box, keeping the box packed at 
Pump operation is controlled 
by automatic air pressure controls 
actuated by sewage level in the wet 
well A roving operator periodically 
cheeks the operation of the stations. 
Topeka presently has 16 lift stations 
and a total of 36 


» to 


ranging in 
15,000 g.p.m 
The latter pump is located in a flood 
pumping 


pumps 


capacity from 


station. In rainy weather 
when the flood gates remain open the 
overflow from the collection system is 
gravity by-passed to the river. How- 
the flood 
the overflow is pumped to the river. 

The 


with gables and landscaping 


ever, when gates are closed 


handsome residence, complete 
(Figure 
1), is actually a flood station and lo- 


eated in one of Topeka’s nicer neigh 


borhoods. This duplex is “‘home’’ to 
rated at 4,500 7.500 
g.p.m., and 15,000 g.p.m. housed in the 
left half of the building. 


partment employee and his family live 


pumps g.p.m., 


de- 


while a 


in the other half 


ais 
: | 
aby 
s 
2 
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A useful emergency pump included 
in this expanding system is a 3-in., 
200-g.p.m., semi-portable bladeless im- 
peller pump. It is ready for immedi- 
ate action should expansion problems 


or flood conditions warrant its use. 
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The city is hopeful that present ef- 
forts to provide adequate collection sys- 
tem capacity and treatment facilities 
will handle the sewage from this seg- 
ment of America’s growing suburban 
population. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*Any man is always as young as he feels, but never as important.’’ 


Attention operators ! 


Journal, 


H. B. H. G. 


It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Carbon copies of typewritten reports will be promptly returned on request. 


Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa- 
tions, Room 325, Illinois Bldg., Champaign, Ill, 


Annual Report of the Greater Winnipeg (Man.) Sanitary District for 
the Year 1953 * 


By N. 8. Busspis, General Manager 


Contracts were let early in 1953 for 


the construction of additional treat- 
ment facilities at the main treatment 
plant. The work included a third pri- 


mary clarifier and four 85-ft. diameter 
heated digesters, together with equip- 
ment and other appurtenances. 

The experimental operation of the 
sludge lagoons continued throughout 
1953. The original work was begun in 
1950 and reported in the 1952 Annual 
Report (see THis JourNAL, 25, 11, 
1361; Nov., 1953). From the informa- 
tion obtained, the consulting engineers 
recommended that the basic method of 


sludge dewatering should be by the 
use of lagoons, but that new vacuum 
filters and additional elutriation fa- 


cilities be installed to provide flexibility 
of operation. Two digesters were de- 
watered during the summer. 


Control of industrial wastes from 
* For last previous extract see Tas Jour- 
NAL, 25, 11, 1358 (Nov., 1953). 


packing and slaughter houses was con- 
tinued. Practically no paunch manure 
or pig toe-nails were in evidence, re- 
sulting in no breakdown in the pump- 
ing stations or resulting overflow of 
raw This has eliminated a 
major source of pollution. 

The sanitary district serves 323,704 
inhabitants in Winnipeg and surround- 
ing municipalities. A large increase in 
sewer extensions took place in the sur- 
rounding areas. All water service con- 
nections in Winnipeg except 735 are 
served by sanitary Three 
neighboring municipalities not now in 
the district were required by legis- 
lature to arrange to enter the district 
by January 1, 1955. 

Maintenance of 16 pumping and 
comminutor stations for sanitary sew- 
and 21 flood pumping stations 
continued without difficulty. 

A summary of 1953 operating data 
is given in Table I. 
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TABLE I.—Summary of 1953 Operating Data, Greater Winnipeg Sanitary District * 


Item Average 


Equivalent population, est 405,700 


Precipitation (in 28.28 
Sewage flow (m.g.d.) .... 31.6 
Grit eu. ft ng 12 
Settleable solids 
Plant influent (ml./1.) 5.9 
Clarifier effluent (ml./l.) 1.8 
Rem il 69.9 
spends 
Plant influent (p.p.m.) ¢ ; 299 
Clarifier effluent (p.p.m ; 129 
Removal (%) 56.5 
B.O.D., 5-day 
Plant influent (p.p.m.) ¢ 265 
Clarifier effluent (| p.p.m 135 
Removal (% 49.5 
Raw sludge to digesters, total (m.g.) 2.9 
Dry solids (tons/day) . 12.1 
Bohds (% 9.8 
Volatile (%) 67.1 
Sludge from digesters to filters, total 
(m.g.) 5.76 
Sludge from digesters to lagoons and 
sandbeds, total (m.g.) ........ 0.8 
Dige sted sludge 
Solids (%) 6.2 
Volatile (%) : j 48.7 
pH 7.3 


* All flows and capacities in U. 8. gallons. 


Item Average 

Sludge gas: 

Produced, total (mil. ecu. ft 63.35 
Used for heating, total (mil. cu. 

ft 18.76 

Wasted, total (mil. eu. ft.) 44.59 

Produced, daily (eu. ft.) 173,808 

Wasted, daily (cu. ft.) 107 ,467 

CH, (%) . wie 67.6 
Elutriated sludge 

Sludge handled, total (m.g.) : 5.76 

Dry solids, effluent (% . 51 

Alkalinity (p.p.m.) ...... 1,271 

Solids (% 9.8 

Volatile (%) .... aes 47.3 
Sludge cake from plant: 

Total, wet (tons) : 1,650 

Total, dry (tons ee $136.9 
Ferrie chlorine used: 

Total (lb 44,377 

Dose (% of solids filt.) 4.9 
Days filters operated 57 
Filter rate (lb. sol./sq. ft./hr.).. 4.0 


Cost of operation ($): 

Treatment 

Total 


t Includes 


solids in elutriate and filtrate 


returns, 


Annual Report of the Cranston, R. I., Sewage Treatment Plant for Year 
Ended September 30, 1953 * 


By Water AnpEerson, Superintendent 


In its 12th 
plant treated 
This was an 


year of 
1,140 


increase of &2 


operation the 
mg. of sewage 
m.g. 
the flow of the preceding year and was 
treated 
was placed in operation 


over 


since the 
The 


consisted of approximately 75 


the largest 
plant 


amount 


sewage 
per cent domestic and 25 per cent in 
dustrial wastes, including an indus- 
trial waste volume increase of 10 per 
1952 


sludge and post-chlorination, the over- 


cent over Utilizing activated 
all plant efficiency was 92 per cent re 
moval of the suspended solids and 93 
per cent for the oxygen requirements 
B.O.D. 


discharged 


measured as 

Effluent 
Pawtuxet 
200-m.g.d 


was into the 
having a 


but with a 


River, a stream 


flow 


average 


* For last 


NAL, 25, 12 


previous extract see THis Jour 
1467 (Dee., 1953). 


critical, dry-weather flow of only about 
26 m.g.d. Designated as a Class © 
stream by the Rhode Island State 
Health Authorities, the Pawtuxet 
River should contain a minimum D.O. 
of 5 p.p.m. and a maximum B.O.D. of 
not more than 5 p.p.m. Consequently 
year-round chlorination of the final 
effluent, as required by the state health 
authorities consumed 28,640 lb. of chlo 
This 7,768 lb than 
the preceding year and was due to 
the high chlorine demand of the addi- 
Aver- 
age rate was 3.0 p.p.m. with an average 
detention time of 10 min., resulting in 
an average chlorine 0.56 
p.p.m. The resulting condition of the 
river justified the efforts expended on 
D.O. below the 
treatment plant was 7.5 p.p.m. and the 
B.O.D. was 4.60 p.p.m. 


rine. was more 
tional industrial wastes treated. 
residual of 


treatment Average 


‘ 
| 
x 
é 73,646.43 
190,928.92 
: 
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The amount of oil required for emer- 
gency heating needs was reduced from 
2,830 gal. for the 1951-52 year to 650 
gal. during 1952-53. This is due to 
the installation of new control equip- 
ment, resulting in more stable and de- 
pendable operation of the _ boiler 
through better adjustments to utilize 
more of the digester gas. Even with 
practically 100 per cent utilization 
of the digester gas for heating pur- 
poses, approximately 47 per cent of the 
16,100,000 eu. ft. of gas produced was 
burned in the waste gas burner. 

The total net cost for operating the 
treatment plant during the fiscal year 
amounted to $64,038.75. This is equal 
to $56.17 per m.g. treated and is a re- 
duction of $3.71 per m.g. below the 
cost for the previous year. Approxi- 
mately 57 per cent of the city’s popu- 
lation is now connected into the sewer 
system, an increase of 6 per cent during 
the year. 


Cesspool Wastes 


The city’s domestic cesspool wastes 
have been easily handled at the treat- 


ment plant. These wastes were dis- 
charged at the inlet to the grit removal 
unit for the removal of grit, and the 
remaining liquid wastes then passed 
through the plant The 
Cranston cesspool wastes averaged 50 
loads per month, for which a charge 
of $1.60 per load is made. 

During the past year an agreement 
was made with the health authorities 
of the neighboring city of Warwick to 
dispose of their cesspool wastes. This 
required a change in the Cranston city 
ordinances to permit the bringing in 
of these out-of-city wastes. The War- 
wick cesspool wastes averaged 100 loads 
per month and the same charge per 


processes. 


load was made as for Cranston wastes. 
The total cesspool wastes received dur- 
ing the year amounted to 1.8 m.g. or 
0.2 per cent of the total sewage flow. 

Textile Wastes 


Plant-scale experiments to absorb a 
portion of the highly alkaline wastes 
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from a 
Cranston 


the 
begun 


large textile industry, 
Print Works, were 
during the year and continued. The 
Rhode Island State Department of 
Health had requested the textile com- 
pany to abate pollution of the small 
Pocasset River. Accordingly, a portion 
of their worst wastes, including dye 
house wastes, kier liquors, print shop 
wastes, color shop wastes, and toilet 
wastes, were diverted from the river 
and discharged into the city’s sewers. 
The company agreed to discharge their 
wastes at a fixed, continuous rate and 
adjustments to the treatment 
processes were then tried. Discharge 
of the partially neutralized textile 
wastes began at 100,000 g.p.d. and was 
increased to 700,000 g.p.d. 

Even with this volume of wastes be- 
ing diverted, the condition of the 
Pocasset River did not improve to the 
satisfaction of the state health authori- 
ties. Plans are under way to discharge 
an additional 600,000 g.p.d. of soap 
house wastes to the sewers, 

Apparently the treatment plant can 
handle up to 700,000 g.p.d. fairly well. 
However, as additional loadings in- 
crease, equipment capacities may be 
the deciding factor in determining the 
adequacies of the treatment plant 
processes. Addition of the textile 
wastes required an increase in air 
supply from 2,500 to 6,500 eu. ft. per 
min. in order to maintain a D.O. of 
2.0 p.p.m. in the mixed liquor. Also 
the chlorine required to maintain a 
residual in the effluent necessitated in- 
creasing the 


plant 


chlorinating equipment 
capacity from 200 to 400 lb. per day. 


Grit Removal 


The manually cleaned bar 
screen installed during the preceding 
year effectively prevented rags from 
clogging the impeller of the organic re- 
turn pump that 
Screenings 
are disposed of by burial or comminut- 
ing. 

Two breaks in the gravity sewers, 
plus the discharge of additional cess- 


small 


eliminated 
source of previous trouble, 


and has 
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pool cleanings, caused an increase of 
931 cu. ft. in the amount of grit re 
moved Analysis showed a _ volatile 


wlids content of 1 per cent. 
Primary Settling 


The scum removal equipment han 
dled 43,590 gal. of seum. Recirculation 
of the bottom liquor in the scum well 
was continued with satisfactory re 
It Total flow through the primary 
settling tanks includes the sewage flow, 
waste activated sludge, wash-water 
overflows, recirculated chlorinated efflu 


ent, plus supernatant digester liquor 


Aeration Tanks 


Chlorination of the returned sludge 
was practiced from January through 
May, resulting in a lowering of the 
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sludge index from 146 to 83. Subse- 
quently, the admission of increasing 


amounts of textile wastes resulted in 


a steadily increasing sludge index. Sus- 


pended solids of the mixed liquor aver 
aged higher than the year before, being 


2,656 p.p.m. with an index of 149. 


Final Se ttling 


Both final settling tanks were used 
throughout the year, giving an average 
detention of 2.63 hr. and discharging a 
final effluent averaging 5.8 p.p.m. D.O 
Operation continued along the same 


lines as the preceding year. 


Digestion and Filtration 


Normal single-stage digester opera 


tion was experienced; on only one oc- 


TABLE II.—Summary of Operating Data for the Cranston, R. I., Sewage Treatment 
Plant for the Fiscal Year 1952-53 


Item Average 
Trib. pop., est 32,958 
age treated, total (m.g 1,140.24 
Sewage flow (m.g.d 3.12 
Per capita r.p.d 95 
Ind wastes ( 25 
Grit cu. ft 1.46 
al./m 124 
Pri ttling « 
Det period hit 1.94 
Sludge y 5,774 
ni il. /m.g 38 
Aeratio tar 
Aer, period (hr 1.99 
Air supplied (cu, ft pal 1.07 
Ret. sludge 37 
Mix j sol, (p.p.m 2,656 
Sludge nd 149 
itlet pn 1.9 
Fina settliz ita 
Det. period (hr 1.6 
Sl. returned, tot mg 4185 
Sl. wasted, tot ng 14.13 
Sludge sus sol. (p.p.m 5,089 
D.O., (p.p.m.) 5.8 


Sl. to dig 
Solids (% 
Gas produce 


Total (mil 


Item Average 
Per m.g. sewage (cu. ft . 14,132 
Per eapita daily (cu. ft 1.33 


Vacuum filtration data: 


Dig. sl. to filt., tot. (gal. 747 362 
Solids 3.71 
Vol. solids (% P 51.7 
Filter eake, total (tons 520 
Cake moisture (% , , 78.3 
Cake dry solids, tot. (tons 122.5 
FeCl, used, tot. (lb 13,790 
Ratio, FeCl,-dry solids (% 5.61 
Filter rate (lb./sq. ft./hr 3.23 


Raw sewage (p.p.m. ) 176 

Final eff. (p.p.m 15 

Reduction (%) .. 92 
5-Day B.O.D.: 

Raw sewage (p p.m 233 

Final effl. (p.p.m.) .. ; 16 

Reduction (% 93 


Operating cost ($): 


Salaries 34,157.88 
Electricity 13,229.61 
Chemicals 1,874.99 


Supples 
Tele | hone 
Supplies and repairs 
lipment 
Miscellaneous 2,490.6 
Total, gross 65,861 
cesspool fees 1,822. 
l'otal, net 64,038.75 
Per m.g. treated 56.17 
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Chlorination dat: 
Total used 28,640 
Apphed (p.p.o 3.0 
Residual (p.p.n 56 
Sludge digestion data 
| 
cu. ft.) . 16.11 
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casion was it necessary to add lime for 
pH control. Several methods were 
tried to improve the quality of the 
supernatant liquor. The latest con- 
sisted of elutriating the supernatant 
liquor to de-gas and concentrate the 
solids, which were then pumped to the 
second digester. The supernatant liq- 
uor from the second digester contained 
less than 0.5 per cent solids and caused 
no problem in the primary tanks. Stor- 
age of the sludge in the second digester 
helped to thicken it. 

Over-all results of digester and filter 
operation were much improved. The 
rate of filter production of the elutri- 
ated sludge was 32 per cent higher than 
the previous year, averaging 3.23 lb. 
of solids per square foot per hour. 
Ferric chloride requirements were re- 
duced 24 per cent on a dry solids basis. 


REPORTS 


_ 


Maintenance 

Some years ago, a detailed schedule 
was prepared in cooperation with a 
major oil company for periodie and 
proper lubrication of all plant equip 
ment. This included not only the type 
of lubricant, but also the amount per 
service period. Strict adherence to 
this schedule has resulted in excellent 
operation of the mechanized units. 
Much of the equipment has been in 
continuous service in excess of 105,000 
hr. without break-downs or major 
overhauls. Conscientious servicing by 
the operators has been a major factor 

Installation of additional piping to 
utilize the effluent for some plant wa 
ter needs has resulted in economy of 
operation. 

Table Il summarizes operating data 
for the year. 


Third Annual Report of the Boise, Idaho, Sewage Treatment Plant, 
December 31, 1953 


By Anprew J. Superintendent 


General 


The Boise, Idaho, activated sludge 
plant was placed in operation in late 
195] Today it serves 7,900 conneec- 
tions and receives an average daily 
sewage flow varying from 5.2 to 12 
mgd. Flow variation is caused by 
ground-water infiltration during the 
irrigation season. The chlorinated 
effluent is discharged to the Boise 
River, which has a variation in flow 
from 50 to 7,500 e.f.s. 

Improvements during the year cov- 
ered a variety of projects, ranging 
from grading and landscaping to the 
construction of additional garage space 
and a greenhouse (see THis JOURNAL, 
25, 6, 795; June, 1953). Equipment 
was rented from construction of addi 
tional sludge drying area. 

The cast-iron impeller of the raw 
sewage pump had worn 4 in., and 
was removed and rubber coated. Effi- 
cleney increased and periodic observa- 


tions will be made to determine the 
effective life of the coating. 


Sewer Maintenance 


During 1953 there was a 30 per cent 
decrease in the number of calls result 
ing from sewer stoppages. This im 
provement is credited to a planned pro 
gram of sewer line rodding and inspee- 
tion. In addition a short-wave radio 
equipped service truck is available for 
immediate service 

Each week the mechanical sewer 
cleaning equipment is lubricated, in 
spected and washed. Not more than 
8 hr. were lost due to mechanical re- 
pair of equipment. Two men, instead 


of four, now handle the sewer cleaning 


and provide 24-hr. service in case of 


emergencies 

Approximately $17,000 is budgeted 
and contracted for each year to re 
place sewer lines having the greatest 
amount of infiltration 
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TABLE III.—Summary of 1953 Operating Data at the Boise, Idaho, Sewage 
Treatment Plant 


Item Average 
Population equivalent, eat 35,710 
ige flow (m.g.d. 6.9 
Suspended solids 
Piant influent (p.p.m 148 
Clarifier efluent (p.p.m 64 
i effluent (p.p.m 
Kemoval (%) 94 


Plant influent (p.p.m.) 93 

( rifier effluent (p.p.m.) 71 
Final effluent (p.p.m.) 7 
Reduction 93 
\ ation tal i 

Aer, per 6.1 
Air sup] 1 ft./ga 7 
Returned ludge 4.3 
Mix. liq. susp. so p.p.m 1,070 
Sludge index 325 
D.O. (p.p.m 2.6 


Sewer Service Charge 

A recent increase in the water rates 
by the private water utility serving 
Boise required a change in the sewer 
service charge Previous to this change 
charges were based on one-half the 
average water billing for Dec., Jan., 
and Keb The revised service charges 


are based on a percentage of the low 


Item Average 

Sludge susp. sol. (p.p.m. .» 3,795 
D.O., final effluent (p.p.m.) ...... 5.6 
(hiorination data: 

Total used (lb 19,700 

Applied (p.p.m 1.0 
Sludge digestion, data 

Sludge to dig. (gal./day) . 53,243 

Temp. (° F.) 92.5 

«ea 6.9 
Sludge gas data: 

Produced, total (mil. eu. ft.) . 20.14 

Used, est. (cu. ft./day 


Operating cost (# 


Treatment, operation 53,511.79 
Improvements and equipment 3,664.66 
Collection system 2,984.43 


373.00 


Sewer improvements .15,3 
5,523.88 


] 


month water consumption, with a 
minimum rate of $0.60 per month. All 
accounts are billed by the City on a 
quarterly basis, with delinquent ac- 
counts becoming tax leins upon the 
property. Collections to date have 
been very satisfactory 

The 1953 operating data are sum- 
marized in Table III 


PUBLIC RELATIONS FOR MUNICIPAL PERSONNEL * 


By Water L. Dunn 


Assistant Professor, University of Washington, Seattle, Wash. 


What is public relations? Any pub 
lic utility, whether it be water, sewage, 
light, or gas, has some type of public 
relations. Such public relations may 
be classified as good, bad, or indiffer 
ent 

Indifference of the public, or lack of 
information about the utility, may be 
as detrimental as bad public relations 
Little support or understanding can be 
expected from people who either do not 

* Presented at 1954 School for Water 
Works, Sewage Works, and Industrial Waste 
Operators and Managers; Montana State Col 


lege Nov. 17-19, 1054 


know about the utility or who are just 
plain ‘‘agin’ it.’’ 

What then is good public relations? 
One of the best and simplest definitions 
of good public relations is that it is 

a) doing good, and (b) getting credit 
for it. 

It should be noted that there are 
two requirements. Each is equally im 
portant. 

To maintain good public relations, 
good service must be furnished. With 
out good service poor public relations 
is an almost inevitable result. How 
ever, unless people are informed of 
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what is being done and planned they 
may take the services for granted. 

If the 
treatment plant, city manager, or city 
engineer does not get credit for a job 
well done, they probably will not be 
able to continue doing a good job! 
Why? Because the support of the 
public is necessary to get the regular 
budget 
complete understanding and support of 
the people is needed to obtain improve- 


water department, sewage 


monthly Even more so, the 


ments and replacements. 

Another need for good public rela 
tions 1s to satisfy a basic need of the 
people involved—that of receiving re- 
from others for doing a job 
well. This need is universal in all, 
whether it be the mayor, the city 
manager, an operator, a service man, 


spect 


or a ditch digger. By doing a good 
job, and getting credit for it, they can 
be more certain of their jobs, and are 
much more likely to get regular raises 
and larger budgets. 

Successful superintendents 
give talks at PTA meetings, to civie 


must 


groups, and before school groups. 
Newspapers must be kept informed. 


The public should be informed when 
repairs are made or the streets torn 
up. 

As a check on his public relations 
effectiveness, each superintendent 
should honestly appraise the question: 
‘If a survey was made in my town, 
would most people know: (a) where 
(b) is it treated? 
«) what does it cost?’’ 

Public relations can not be left to 
one person in the utility; it is the 
concern of every employee—field man, 
office man, clerk, or superintendent. 
One rotten apple in the barrel will spoil 


their sewage goes? 


the good ones and a single impolite or 
thoughtless act by one person brings 
discredit to the rest. Everything done 
by municipal personnel in the normal 
conduct of business produces some re- 
action, whether it be good, bad, or 
indifferent. The summation of all these 


actions determines the public relations. 
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Each little thing that is done might 
be compared to driving a spike in the 
plank of good public relations. It 
takes a lot of little ‘‘pings’’ with the 
hammer to add up to the final ‘‘ pong’’ 
which drives the spike home. Some of 
the things which can be done are: 


1. Encourage visitors to come to the 
plant, particularly school groups. Be 
sure all city officials have visited the 
plant. 
pare a talk any employee can follow 


as he guides visitors through the plant 
9 


Set up a regular tour and pre 


Make a set of colored slides of the 
plant, and use them as a basis for talks. 
It costs about $3.50 to make a set of 
20 colored slides that will help tell a 
story better than words alone. Also, 
the U. S. Public Health Service has 
many slides showing cutaway views of 
water and sewage treatment units such 
as trickling filters and digesters. These 
can be obtained and worked in with 
your local slides. 

3. Prepare a flow diagram of the 
plant showing pertinent data. 
copy to each visitor 


Give a 
and have a large 
copy mounted on the wall. 

4. At the sewage treatment plant: 


(a) Provide adequate parking area 

(b) Keep the plant appearance neat 

maintain 
shrubbery, and fences. 

(ec) Use signs; show directions to 
the plant, the name of the plant, 
locate the rest rooms, label the 
treatment units and equipment, 
and use different colored paints 
on pipes for ease in following 
the flow. 

(d) Have a definite place for all 
tools, and keep them in place 

(e) Prepare exhibits, to be used at 
the plant, at fairs, and in store 
windows. 


and clean; lawns, 


5. Establish a definite public rela 
tions program. All employees must 


know what constitutes good public re- 
lations and regular meetings should be 
held, with 30 to 50 min. devoted to 
public relations. 


Guided group dis- 
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cussions are effective for this type of 
meeting 

Good publie relations is a job for 
everyone, and goes on at all times Big 
business recognizes the importance of 
good public relations and spends a lot 


of money on if One of the largest 
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companies in the country puts out a 
eard for its employees that says, in 
effect: Let us not forget that anyone 
who will visit us, or call on the tele 
phone, or seek our aid, offers to us 
the privilege of creating goodwill Let 
us not throw away that privilege. 


IN—-PLACE REPAIR OF CORRODED PIPE 


Approximately 40 ft. of eroded water 
header was recently repaired using a 
polyester resin produced by the Cela 
nese Corp. of America. The pipe, 
which normally flows half full, had 
large holes in some areas (Figure 1) 
and the balance Was rusted almost 
paper thin 

The repair procedure used was as 
simple as it was effective. First, scale 
was knocked off and two plies of glass 
cloth, saturated with a self-curing 
blend of Celanese resin, was applied 
over the large holes. Leaks were then 
plugged and two additional plies of 


glass cloth, thoroughly saturated with 


the resin, were wrapped about the en 
tire rusted area of the pipe 

Thirty gal. of resin were required 
and total cost of materials amounted 
to only $138. The big advantage was 
that the pipe could be repaired in place, 
thus avoiding disconnections and the 
costly man-hours that would have been 
uvolved if the section was replaced. 

The reinforced polyester laminate 
has ample strength to carry the weight 
of a man (Figure 2) It is claimed 
that the laminate will not rust, rot or 
absorb moisture, that long trouble- 
free service can be expected, and that 
accidental ruptures can be easily re- 
paired 


FIGURE 1.—Unmaintained header has very thin sections and a badly corroded top. 
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TIPS AND QUIPS 


FIGURE 2.—The corroded section shown in Figure 1 can now support the weight 
of a man. 


TIPS AND QUIPS 


Sewage Effluents for Unrestricted 
Re-Use 


Study into the further biological 
purification of sewage effluents for un- 
restricted re-use was reported by G. J. 
Stander, Chairman of the South Afri- 
can Branch, Institute of Sewage Puri- 
fication, as a vital problem of the near 
future in his country. Commenting at 
the 1954 Conference of the Institute, 
Dr. Stander stated that intensive in- 
vestigational work was in progress. 
The principle objective of the studies 
is to evolve a method of biological puri- 
fication that will produce an effluent 
indistinguishable from natural water. 
This sewage effluent should have all 
organic matter dissipated, the ammonia 
nitrogen absorbed or oxidized, and 
much of the nitrates removed or ad- 
sorbed. In addition it must conform 
to specific standards for bacteriological 
quality. 


Laboratory Siphon and Hand Pump 


Simplicity itself, a rubber bulb and 
tubing have been incorporated into a 
handy laboratory and hand 
suited for tedious and 
difficult laboratory tasks re- 


quiring the transfer of solutions, or the 


siphon 
pump those 
often 
draining of containers. Pump action 
starts the siphon and easily pumps or 
siphons liquids without spilling or 
splashing. 

Made of synthetic rubber and using 
plastic check valves, the siphon avoids 
the use of metal. It is unaffected by 
most inorganic solutions, mineral and 
animal oils, and low concentrations of 
organic solvents. 

Costing $3.00, the unit is available 
from General Scientific Equipment Co., 
2700 W. Huntingdon St., Philadelphia 
32, Pa. 
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Plumber’s Tools For Einstein 


\lbert Einstein’s recent asser 
tion that Wf he had to do it over again 


ne would 


plumber, has led one 


manulacture of plumber’s tools to put 
out the weleome mat for Dr. Einstein 
if he should care to try his hand at the 
plumbers’ honorable profession 

As a token of friendly greeting, offi 
cials of the Toledo Pipe Threading 


Machine Co., Toledo, Ohio. sent a kit 
of four pipe tools to the great scientist 
Included were a hand threader for 
pipe, a pipe cutter, a pipe wrench, and 
a 

Accompanying the gift was a card 
which bore the greeting: ‘‘To a great 
scientist, scholar and teacher—so that 
you may become a great plumber we 
present you vith these pipe tools.’ 

When Dr. Einstein has mastered the 


ools, Maybe we can persuade him to 


nravel the maze of piping we bump 
uur head on in the digester control 
house At least if he could translate 


t into his “‘expanding universe’’ we’d 
have a little room to move around in! 


Permanent Starch Indicator Solution 


Like techniques in hand-made glass 
blowing and wine making that are 
passed from generation to generation 
the following laboratory tip has been 
passed along until its appearance in 
the Quarterly Newsletter of the Cali 
fornia Sewage and Industrial Wastes 
Association 

A permanent starch indicator solu 


tion can be prepared as follows: 


Make a paste using 2 g. of soluble 
tarch and small amounts of cold water 
lo the paste add 350 ml. of cold dis 
tilled water and stir to produce a sus 
pension. While stirring, add 7 g. of 
reagent grade potassium hydroxide 
and continue stirring until the hy 
droxide is dissolved. Allow the so 
lution to stand for about 1 hr. to 
nsure complete action by the alkali 
With reagent grade concentrated hy 
drochlorie acid make the mixture neu 


tral or slightly acid to litmus; ap 
proximately 10 ml. of acid is sufficient 
Finally, add 1 ml. of glacial acetic 
acid as a preservative 

The result is a stable starch indi 
ator solution for D.O. determinations 
According to Terry Masuda, Public 
Health Chemist, State of California. 
considerable SUCCESS has been had 
using this solution with or without 
refrigeration. Adverse conditions, 
and temperature variations, both in 
the laboratory and in the field, have 
not resulted in deterioration or loss 
of sensitivity of the starch-iodine blue 
complex formation. 


First Aid Training 


We noted recently that a sewage 
treatment plant superintendent con- 
ducted a first aid school for the men 
on his staff. <A trained Red Cross 
instructor taught the course for a 
20-hr. schedule. Results: Eleven of 
the staff earned first aid certificates 

This course not only provided the 
plant with trained men in ease of an 
accident and thereby assures protec- 
tion for fellow workers, but it also 
makes each operator a valuable asset 
to his community and develops re- 
spect by the public for the sewage 
treatment plant personnel. 


Give-Aways 


Visitors to one sewage treatment 
plant are presented with a neatly 
packaged bag of dried and shredded 
digested sludge. Enclosed with the 
package is a leaflet describing the 
processing of the sludge and suggest 
ing its use for potted plants and other 
home gardening activities 

Perhaps this is a move to cash in 
on the sales-building give-away pro 
grams of the packaged cereal industry 
But what will the poor plant operator 
do with all the accumulated box tops? 
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Technological Odor Elimination 


Elimination of offensive odors and 
pollution of streams resulting from 
fish and animal processing may be at 
hand if a new process for dehydrating 
and defatting tissues at low tempera- 
tures is widely adopted. This was 
announced by Messrs. Levin and Finn 
of the University of Illinois at the re 
cent annual meeting of the American 
Institute of Chemical Engineers in 
New York City. 

Developed to produce stable fish 
meal and fish oil for human food and 
animal use, the process provides a 
means of in-plant control of waste 
products 

Technological developments of this 
type provide the most economical and 
satisfactory answer to waste disposal 
problems. If the waste cannot be 
economically treated, perhaps it can 
be eliminated, or salvaged. Each day 
brings a new development in this 
fascinating problem of resource pro 
tection and utilization. 


Oil Fire Damages Sewage Treatment 
Plant 


Malicious dumping of gasoline and 
oil into the sanitary sewer system was 
blamed for a 2-hr. fire that swept 
through the Aberdeen, S. Dak., sewage 
treatment plant Fire broke out 
about 10:20 am in one corner of a 
settling basin and quickly spread to 
other basins. The basins, located out 
side, are adjacent to the brick build 
ing housing the motors, recorders, 
flames and sludge heater 

Superintendent Siger Bies failed to 
stop the spreading of the fire with a 
hand extinguisher, due to the heat 
Fire equipment and fire fighters were 
hindered in their fight because a fire 
hydrant was not available. Water 
was finally obtained from a nearby 
creek and the flames kept confined to 


the basins Spectators reported flames 
leaping as high as 200 ft. and giving 
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every appearance of destroying the 
plant. 

Fortunately, damage was light, re 
sulting in damaged wiring, a burned 
out motor, and some weakened brick 
walls 

Origin of the fire is believed to have 
been caused by a spark from the plant 
heating system igniting oil in the 
basins. An oil film had been noticed 
on the incoming sewage during the 
week previous to the fire. It had 
been skimmed off several times and 
all attempts to trace its source had 
failed. 

Moral—Have a good strong sewer 
ordinance to keep out oil and keep it 
enforced; then when fire breaks out 
have fire hydrants available and an 
adequate source of water 


Thawing Grit 

Kreezing of grit on the ramp in 
mechanical grit removal equipment 
can be reduced to a minimum by in- 
stalling a small gas burner under the 
ramp. This is a good use for waste 
gas and a report from Michigan claims 
freezing of the grit was prevented 
except during below-zero weather. 


Fibre-Glass Cabinet 

What would appear to be a sure de 
terrent to corrosion of chlorinator 
equipment cabinets is the introduction 
by Fisher and Porter Company of a 
corrosion-proof, polymer-impregnated, 
fibre-glass cabinet to house high-ca 
pacity solution feed chlorinators. The 
unit is reported to require no paint 
maintenance. However, caution is 
still very much the word in handling 
chlorine. 


World Health Day 


With a theme of ‘‘Clean Water 
Basis of Health,’’ April 7 is to be ree 
ognized as World Health Day. Clean 
water, of course, is the objective of all 
the efforts of the Federation and its 
members 
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When the Federation decided to engage 
an Executive Secretary in 1940, it 
fortunate indeed to find available the serv 
ices of William H. Wisely. 

“Pete,” as he is known to his multitude 
of friends, had undertaken graduate study 
in Sanitary Engineering at the University 
of Illinois, his alma mater, while he served 
the Urbana-Champaign Sanitary District 
as Engineer-Manager This was as a 
follow-up on his undergraduate work at 
the University, where he had been one 
of the most outstanding proteges of that 
excellent sanitary engineering teacher, 
Professor Harold FE. Babbitt. His accept 
ance of part-time employment with the 
Federation required giving up his immedi 
ate educational plans and the establish 
ment of the first fixed office of the Federa 
tion at 1941. Later, in 1943, 
the office was moved to its present location 
in the neighboring city of Champaign. 

His careful tending of the infant Fed 
eration through those early years has been 
a prime factor in the persistent growth 
of the organization. During his period 
of service the number of Member Associa 
tions has from 26 to 38 and the 
total individual membership of the Member 
Associations has jumped from 2,819 to 
6,278. Furthermore, the geographic spread 
of Member Associations 
the British Empire, three in Europe, and 
one in Puerto Rico, in addition to Canada 
and those in the United States. From U. 8. 
states, the areal 
coverage has risen to 46 states 

At the same time, the scope of Federa 
interest influence has broadened. 
An achievement of 
of industrial wastes as a primary Federa 
tion interest in 1950. Thus the persons 
dealing with industrial waste pollution had 
with those 
primarily concerned with domestic sewage 
disposal. This union was helped by stream 
sanitation principles which naturally affect 
all waterborne waste discharges. At the 
time, the Federation’s bimonthly 


was 


Urbana in 


grown 


includes two in 


associations serving 34 


tion and 


note was the inclusion 


meeting ground 


a common 


samme 
Sewage Works Journal became a monthly 
publication under the name Sewage and 


Industrial Wastes. 

Perhaps “Pete’s” greatest contribution 
to the field has been in the role of Editor 
of Federation publications. While this has 
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Editorial 
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consisted of the prime editorial responsi 
bility of the Federation’s monthly, Sewage 
and Industrial Wastes, it has also included 
the editorship of such special publications 
as the “Twenty-Year Index” and the or 
ganization’s five Manuals of Practice. 

To assist Mr. Wisely in the office activi- 


ties necessary to such an operation there 
was a single stenographer at the outset. 
Then in 1943 he became the Federation’s 
first full-time Executive Secretary and 


Editor, and by 1954 the staff helping him 
had grown to six. Throughout the years 
he planned the detailed operation of the 
office and selected all employees. Anyone 
dealing with the office in person, by tele 
phone, or by immediately senses a 
pirit of willingness to serve and a feeling 
of deep loyalty to the Federation on the 
part of every employee. Upon analysis, 
one eannot escape the fact that this is 
some of Pete Wisely’s spirit showing 
through just as surely as a child reflects 
his parents’ guidance and example. 

Along with these activities he has been 
the central figure in Federation convention 
planning, committee organization, and con- 
tact with Member Associations. By cor- 
respondence and visitations to Member 
Association meetings as one of four officers 
who make these contacts, Mr. Wisely has 
given generously of his time and counsel 
and other officers of local 
Besides making numerous 
technical sessions of 
meetings and to the literature, he 
to the headquarters office 
much personal attention and rightfully took 
great pride in this service of the organi- 
zation. 

Mr. Wisely’s topnotch stewardship of 
the Federation, along with his outstanding 
and qualifications, 


mati 


to secretaries 
associations. 
contributions to the 
these 


rave InquUuIries 


professional personal 


made him a natural selection for the po 
on of Executive Secretary of the Ameri 
of Civil Engineers. He will 
post in May, 1955, after 
Associate Sec- 


it 
can Society 
assume his 
serving the organization as 
retary beginning in January. The Federa 
tion has lost the best “boss” it could 
have. We extend to him our congratula- 
tions and best wishes for a long and re- 
warding career with ASCE! 


new 


R. E. F. 
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Rate of Gasification of Municipal Night 
Soil. By I. Horasawa. Bull. Inst. 
Pub. Health (Japan), 3 (June, 1953) 
Fresh night soil does not yield gas, but 

municipal night soil gasifies to some ex 
tent, probably due to soil contact and 
storage in privies. Digestion is fevored 
by addition of carbohydrates and by seed- 
ing. The extent of gasification occurring 
in the privies depends on the length of 
time before collection and on the privy 
temperature. In most Japanese towns the 
municipal agencies collect the night soil at 
intervals of from two weeks to 20 days. 


Report on Filtration Experiments at Dews- 
bury. By R.8. O_proyp. Jour. Inst 
Sew. Purif. (Brit.), 122 (1951) 
Experimental work on alternating double 

filtration, carried out on laboratory-scale 
filters with a single filter as control and 
then on pilot-seale filters outdoors, was 
compared with similar work on high-rate 
filtration using recirculation. This was 
followed by full-scale experimentation with 
alternating filtration. 

The sewage treated contained about 40 
per cent textile wastes derived from piece 
scouring and dyeing. Generally speaking, 
ilternating double filtration with daily 
ilternations gave slightly better results 
than recirculation. Both methods are 
practicable at a treatment rate of 200 
g.p.d. per cubie yard, equivalent to the 
daily dry-weather flow. 

tecirculation had advantages in more 
economical use of pumping energy and 
greater simplicity of works operation with 
a constant flow through the filters and 
humus tanks 


The Availability of Nitrates in Sewage 
Effluents. By C. Jepson. Jour. Jnat 
Sew. Purif. (Brit.), 148 (1951) 
Although oxidized nitrogen is a poten- 

tial source of oxygen, the latter does not 


become available for biological life until 
all the free dissolved oxygen has disap- 
peared. Presence of nitrate in an effluent 
can delay or prevent the onset of putres- 
cence, Given an adequate retention period 
during which any dissolved oxygen present 
is exhausted, settled sewage may be im- 
proved in quality by the reduction of oxi- 
dized nitrogen present in a filter effluent 
used as a diluent. To obtain a correct 
estimate of oxidized nitrogen, analysis 
should be made as soon as possible after 
sampling or special precautions taken to 
retard biological action H. P.O. 


Further Mechanical Developments in Rec- 
tangular Tank De-Sludging. By H. D. 
AND R. W. Lucas. Jour 
Inst. Sew. Purif. (Brit.), 171 (1951). 


This is a review of developments in 
mechanized sludge removal from settling 
tanks, particularly of reetangular plan. 
The first type discussed is the transfer 
scraper type for use on several tanks. 
Modifications include vertically-operated 
sweep arrangements, end seals, retractable 
undercarriages, and elimination of the 
transfer carriage. Also, elimination of the 
intricate interlocking devices and the heavy 
bridge and control house. Sludge concen- 
trators, consisting of sweeps to concen 
trate the sludge trapped in a small end 
area by the longitudinal sweep, are de- 
scribed. Also discussed is the provision 
in the floor of sludge collecting troughs 
instead of hoppers. General results of 
time-saving studies show the advantages 
of modern individual tank mechanisms as 
regards operational costs. 

Also included in the studies was a series 
of tests of different aluminum alloys ex- 
posed to corrosive treatment plant condi- 
tions. Test locations are in raw sewage, 
in settled sewage, and in final tank efflu- 
ent, as well as on the surface of trickling 
filters. The sewage contains some indus- 
trial waste. In general, the aluminum 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 
might be suitable for abstracting in Tus Journat. Publications of public health departments, 
stream pollution control agencies, research organizations, and educational institutions are par- 
ticularly desired. Address such material: Federation of Sewage and Industrial Wastes Asana 


325 Illinois Bldg., Champaign, II. 
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aniter two yeu! exposure shows no marked 
Orrosio! The authors point out, how 
ever, that lkaline wastes may present 
ome problem nd iggest that in suc 
Lae | teel be used for the under 
water structure and light alloys for the 
superstructure P.O 


The Influence of Trade Wastes from a 
Gelatine Factory on the Krugersdorp 
Purification Works. iy PF. J. Po 
' Jour. Inat Purif. (Brit 


TAAR Sew 


(105 


Highly alkaline wastes 


(pH 11.7 to 12.1) 
from a gelatine factory, constituting 20 
per cent of the total daily 


flo caused serious deposition 


(2 m.g.d 


of CaCO 


ewage 


if the junction of the industrial sewage 


ind the 
Also the 


i noticeable deterioration of the 


collector 


main municipal inter 


cepto! yelatine wastes caused 


digested 


ludge, resulting in an increase in sludge 
lrying time fre 3 days to 3 or 4 weeks 
The ested sludge is very fine in texture 
ind al t colloidal in appearance 
Separation of the factory effluent re 


vealed it effect 


the objectionable factors 
the high pH and the hig! 
Filter ponding took place 
vhen the 


were added to the filter 


stemming tron 


prot in content 


in 5 mont segregated wastes 


dosing tanks in 


f primary sedimentation 
tment of the 
tudy VLost promising of the pilot studies 


wastes is under 


o far undertaken involves treatment ol 


combustion 


effluent with the 
products of sludge gas 


Some Observations on the Control of the 
Breeding of Psychoda Flies in Bacteria 
Beds. Ky W. R. Auison. Jour. Inst 
Sew, Purif Brit ISO (1951) 


on to obtain high dosage rate 


sivocated as a 


suppressive mensure 


ntensive treatment using 
emulsions of benzene hexachloride New 


onpser itional methods } id to he devise | 


to suit existing labor conditions 


method 


idopted con 


which 
with a fly 
preparation plates are 
selected brick 
ledge half-way up the vertical filter wall 


plates on 


iron 


ire mounted paper treated 
Che 


positions on & 


placed in 


Rain protection is provided and the plates 
vertical 


is to be almost 


show that 


ire positi ned a0) 


Results so far 
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March, 1955 
1. The number of emergent flies is a 
direct function of the atmospheric tem- 
perature 

2. Increase of 
fly breeding can be 
Africa 


secticide applications are very 


alr temperatures and of 

expected during No- 
ember (South when regular in 
necessary 


white fluid 


es a more lasting control 


3. Benzene hexachloride in 
emulsion form gi 
up to 14 than do heavy doses of 
chloride of 3 to 4 days). 


4. In one instance 


dave 
lime 
a sudden increase in 
fly counts was caused not by temperature 
rise but by sewage septicity, which caused 
had settlement and heavy solids loading 
of the beds 0 


Water 
No. 1. 
joard, Sacramento 
1954) 

This addendum brings up-to-date the 

riginal report published in 1952 

Tus JouRNAL, 24, 11, 1437; Nov 


Criteria Addendum 
Water Pollution Control 
Calif. Price, $1.50 


Quality 


State 


(abs 


1952) 


embodying 164 pages and containing 371 
new literature references from the years 


1952 and 1953, the addendum is designed 
ind printed to fit into the organization of 
the original report H. P.O 


Biologie und Chemie des ungestanten und 
gestanten Stromes (Biology and Chem- 
stry of Unregulated and Regulated 
R. Oldenbourg, Munich, Ger- 


Streams) 


many 315 pp Price, DM4S8 (1954) 
This second volume of the ‘Munich 
Contributions on Sewage, Fishery and 


Biology 
relating the findings of investi 
Rhine-Main-Danube Water 
Ly The Variou worked 


by the several authors are applied in prac 


Stream cOMprises a 


symposium 
ol papers 
gationsont he 


concepts out 


tical manner to the studies, using the Main 
ind Danube Rivers, and the connecting 
canal is examples H 

Toxic Fresh-Water Algae. By W. M 


INGRAM AND G. W. Prescort { mer 
Vidland Nat., $2, 1, 75 (July, 1954) 
This is a literature review on the tox 


icity of algae to humans, domestic animals 


Also included 
is a review of the literature on the chem 


mammals, birds, and fish 


istry of toxic algae. A comprehensive bib- 


iography makes the article of exceptional 


nterest to the researc h worker 
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1954-55 OFFICERS 


President: D. B. Lee 
Vice-President: G. W. Martin 
Treasurer: W. W. DeBerard 

Executive Secretary-Editor: R. BE. Fuhrman 


Advisory Editor: F. W. Mobiman 


PAST PRESIDENTS 


Charles A. Emerson............ 1928-41 George S. Russell............00. 1947-48 
*Asthor Bodell.... 1941-42 V. M. Ehlers 
George J. Schroepfer ‘ 1949- 
A. M. Rawn 43- eae 1950 
Albert E. Earnest Boyce 
John K. 1945-46 E. Sherman Chase... 


HONORS AND AWARDS 
Honorary Members 


The qualifications for Honorary membership in the Federation are set forth in 
Article II, Section 4 of the By-laws. Honorary Members are elected upon recommenda- 
tion by a committee comprising the President and four latest Past Presidents, the senior 
Past President as chairman, in accordance with a policy adopted by the Board of Control 
on October 23, 1943. Honorary Members elected to date are as follows: 


Charles Alvin Emerson William John Orchard 

1942 Wilford Willis DeBerard........... 1950 
1942 Karl Imhoff 

Charles Gilman Hyde.............. 1943 

Howard Eugene Moses............. 1943 Albert Edward Berry 

Floyd William Mohlman ‘ William Thomas Lockett 


The Harrison Prescott Eddy Medal 


The Harrison Preseott Eddy Medal is awarded annually to a member of any Mem- 
ber Association of the Federation for outstanding research contributing in important 
degree to the existing knowledge of the fundamental principles or processes of sewage 
treatment, as comprehensively described and published during any stated year in Sewaacr 
anp InpustriaAL Wastes. The award commemorates Harrison Prescott Eddy, a famous 
engineer and a pioneer in the art of sewage treatment. 


Past recipients of the award are: 

Harry Willard Gehm........ er Peter 8. 8. Dawson and Samuel H. 

1945 George 8. Benton, John C. Geyer, Wen- 

1946 Hsiung Li, and Knut K. Sorteberg. .1952 

Richard Pomeroy and Fred D. Bowlus.1947 Donald M. Pierce 

F. W. Kittrell and O. W. Kocehtitzky, William J. Oswald, Harold B. Gotaas, 
Harvey F. Ludwig, and Victoria 
Lynch 


* Deceased. 
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The George Bradley Gascoigne Medal 


The George Bradley Gascoigne Medal is awarded annually to a member of any 
Member Association of the Federation for outstanding contribution to the art of sewage 
treatment works operation through the successful solution of important and complicated 
operational problems, as comprehensively described and publi hed during any stated 
] 


This award is in memory of George Bradley 
1922 to 1940, who demonstrated an unusual 


year in Sewace anp WASTES 


Gascoigne, prominent consultant from 


interest in matters of sewage works operation 


< Past recipients of this award are 

‘ Kerwin L. Mick +1943 Wilbur N. Torpey 1949 
James T. Lyneh and Uhl T. Mann 1944 Clarence E. Keeler F 1950 
John D. MeDonald Leonard 8S. Hillis A961 

LeRoy Winfield Van Kleeck 1946 Walter Asa Sperry 

2 Leon 8. Kraus ; . 1947 W.N. Wells and Clarence H. Sherer. .1953 

r David P. Backmever 1948 Robert Ditmar Bargman. ..1954 


a The Charles Alvin Emerson Medal 


The Charles Alvin Emerson Medal is awarded annually to a member of any Mem 
ber Association of the Federation “for outstanding service in the sewerage and sewage 
treatment works field, as related particularly to the problems and activities of the Fed 
eration of Sewage and Industrial Wastes Associations in such terms as the stimulation 


of membership, improving standards of operational accomplishments, fostering funda 


mental research, ete.” This award honors Charles Alvin Emerson, who served as Presi 
dent of the Federation from 1928 to 1941 and holds the distinetion of being its first 
Honorary Member 


Past recipients are 


Floyd William Mohlman... ; 1943 William J. Orchard .1949 
Willem Rudolfs.......... 1944 Morris M. .1950 
Harold Warner Streeter.... . 1945 Howard Eugene Moses 1951 
F. Wellington Gilcreas... . 1946 Krank Woodbury Jones 1952 
Langdon Pearse.......... .1947 William D. Hatfield... .. .1953 
LeRoy Winfield Van Kleeck... awake Clarence C. Ruchhoft.. 1954 


The Industrial Wastes Medal 


The Industrial Wastes Medal was established in 1949 to be awarded annually in 
the form of a plaque for the most outstanding contribution by an industrial employee 


on any aspect of industrial wastes control, as published in SewaGe and INDUSTRIAT 
Wasres during the year preceding the award 


Past recipients are: 


Roy F. Weston, Robert G. Merman I. Nicholson, and F. W. Seiene 

and Joseph G. DeMann 1950 man . . 
Robert J. Austin, Roy N. Giles, .1954 


The Kenneth Allen Award 


From 1943 through 1948, meritorious personal service to the Member Associations 
of the Federation was recognized by the Kenneth Allen Award. The award was retired 


in 1948 
Recipients of this award have been 
1943 
Harry Thornton Calvert (ISP) Edward P. Molitor (N.J.) 
Edward F Eldridge ( Mich.) Robert S Phillip (N.C.) 
John Kurtz Hoskins ( Fed.) Alfred Henry Weiters (lowa) 
Fred Merryfield (Pac. N.W.) William Homer Wisely (Cen. St.) 


* Deceased 
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1944 
Albert Edward Berry (Can.) Charles A. Holmquist (N.Y.) 


Van Porter Enloe (Ga.) Dana Ewart Kepner (Rocky Mtn.) 
Albert Legrand Genter (Md.-Del.) Leon Benedict Reynolds (Calif.) 
F. Wellington Gilereas (New Eng.) Wilson Waldo Towne (Dak.) 


1945 


Howard Eugene Moses (Pa.) Frederick Holman Waring (Ohio) 


George S. Russell ( Mo.) Joe Williamson, Jr. ( Fla.) 
Dario Travaini ( Ariz.) Murray Alderson Wilson ( Kans.) 


1946 


EK. J. M. Berg (Texas) Harold Benedict Gotaas (N.C.) 


Frank E. DeMartini (Fed.) William P. Hughes (Pac. N.W.) 
John R. Downes (N.J.) Theodore R. Lovell (Iowa) 
Thomas J. Doyle (Mich.) George W. Martin (Cen. St.) 


John Henry Garner (ISP) 


William T. Knowlton (Calif.) Wellington Donaldson (N.Y.) 


Floyd W. Pinney ( Dak.) Henry J. Dareey (Okla.) 
Gilbert R. Frith (Ga.) Carroll H. Coberly (Rocky Mtn.) 
Clarence E. Keefer (Md.-Del.) William Storrie (Can.) 


Stuart E. Coburn (New Eng.) William Merriam Cobleigh ( Mont.) 


1948 


George W. Marx ( Ariz.) F. Dean Stewart (Ohio) 
David Bryon Lee (Fla.) Francis deSales Friel (Pa.) 
William Q. Kehr ( Mo.) 


The Arthur Sidney Bedell Award 


Established in 1948, the Arthur Sidney Bedell Award acknowledges extraordinary 
personal service to the Member Associations of the Federation. Each Member Associa- 
tion is privileged once in every three years to name one of its members to receive the 
award, which may be earned by organizational leadership, administrative service, mem 
bership activity, stimulation of technical functions, or similar participation. The award 
is named for the second President of the Federation, who exemplified its purpose by his 
long devotion and contribution to the affairs of the New York State Sewage Works 
Association. 


Past recipients follow: 


Harry P. Croft (N.J.) William Thomas Lockett (ISP) 


Victor Mareus Ehlers (Texas) William McKinney Piatt (N.C.) 
R. Paul Farrell (Ky.-Tenn.) Walter Asa Sperry (Cen. St.) 
Carl Edwin Green (Pac. N.W.) Harold Warner Streeter ( Fed.) 


Frederick Leon McDonald ( Ark.) John L. Strelow (Iowa) 


Leland Bradney ( Dak.) Edward Alexander Reinke (Calif.) 


John Chester Brigham (N.Y.) Frank 8. Taylor (Okla.) 

Herbert B. Foote ( Mont.) LeRoy Winfield Van Kleeck (New Eng.) , 
L. L. Hedgepeth ( Va.) William Hugh Weir (Ga.) 3 
Theodore J. Lafreniere (Can.) Leonard Oliver Williams, Jr. (Rocky Mtn.) 7 


Robert G. MeCall (W. Va.) Abel Wolman (Md.-Del.) 
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1949 

1950 

| 


Roy Binder ( Kans.) 

John Clinton Clark ( Ala.) 
John Ra lioffert (Pa.) 
John Robert on Hoy (F la.) 


mund 


Don E. Bloodgood (Cen. St.) 
Herman Glenn Baity (N.C.) 
Paul Bolton (Iowa) 

P. N. Daniels (N.J.) 

Francis W. Kittrell (Ky.-Tenn.) 
Ray E. Koon (Pae. N.W.) 


Robert James Auld (P. Rico) 
Charles G. Caldwell (Rocky Mtn.) 
Nathan M. deJarnette (Ga.) 

= Anthony J. Fischer (N.Y.) 

* Ralph Fuhrman (Md.-Del.) 

Quintin B, Graves (Okla.) 

John B. Kleven ( Dak.) 


Arthur N 


Beck ( Ala.) 
Merle V. Ellis ( Ariz.) 
John W. Wakefield (F la.) 
Max Priiss (German) 


Gilbert T. Cotterell (ISE) 
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1951 
Arthur H. Niles (Ohio) 
Charles Henry Trusler (ISE) 
Harold W. Yost ( Ariz.) 
Francis M. Veatch (Mo.) 
1952 
Winfred 8. Mahlie (Texas) 
Clarence Theodore Mudgett (Mich. ) 
Walter F. Freeborn (ISP) 
Harrison Hale (Ark.) 
George Ashby Rhame (S.C.) 


1953 
Douglas L. MeLean (Can.) 
Walter E. Merrill (N.Eng.) 
Fred F. Palmer (Mont.) 
Eugene C. Meredith ( Va.) 
Henry W. Speiden (W.Va.) 
Arthur T. Wintersgill (Calif.) 


1954 
Leland A. Talbot (Kan.) 
Charles A. Haskins (Mo.) 
Theodore C. Schaetzle (Ohio) 
Bernard 8. Bush (Pa.) 
Arnold Hoerler (Swiss) 


The William D. Hatfield Award 


The William D. Hatfield Award recognizes outstanding annual sewage works opera 
tion Following the 1946 award, the Control 
awards for outstanding annual reports prepared (1) for plants serving less than 10,000 
population, (II) for plants serving populations of 10,000 to 100,000, and (III) for plants 
serving populations of more than 100,000 persons. 


reports of authorized identical 


Recipients of this award have been: 
1946 
Walter M. Kunsch 


1950 
William L. Edwards (1) 
Walter A. Sperry (IT) 
John R. Szymanski (IT)* 
John W. Johnson (IIT) 


1947 


F. E. Peterson (1) 
John R. Szymanski (IT) 


Warren H. Sleeger and George J. ane 
Schroepfer (III) Willham L. Edwards (I)* 
J. E. Meers (IT) 
1948 John R. Szymanski (IT)* 
F. E. Peterson (I)* George H. Craemer (IIT) 


Mick (IIT)* 


Thomas T Kerwin L 
iv? ui 


Kerwin L 


Hay (II) 


Mick (LIT) 1952-3 


1949 No awards. 


Russell D. Craun (1) 


George W. Martin (IT) 
Thomas T. Hay (II)* 


1954 
Uhl T. Mann (IT) 
J. FE. Meers (II)* 
C. W. Christenson (Indus.) 


* Previous winner 
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Membership Prizes 


Prizes for membership activity in its various Member Associations have been awarded 
by the Federation since 1943. The numerical prize is given to the Member Association 
having the greatest numerical increase in membership during the year ending September 
30 of the award year. The percentage prize is given for the greatest percentage increase 
in membership during the same period. The following Member Associations have re- 
ceived these prizes: 


Association Association 

Year Num. % Year Num. % 
1943 Cen. St. Fed. 1949 Ohio Ala. 
1944 Cen. St. Mo. 1950 lowa La. 
1945 Can. Ariz. 1951 Mich. ISK 
1946 Can. Okla. 1952 Cen. St. Fla. 
1947 ISP Ark. 1953 Calif. P. Rico 
1948 Pa. W. Va. 1954 Pa, P. Rieo 


The Quarter Century Operators’ Club 


The Quarter Century Operators’ Club is an informal group comprising Active or 
Corporate Members of any Member Association who had been engaged in sewage treat- 
ment works operation, on a full-time resident basis, twenty-five years prior to the date 
of their admission into the Club. The Club was created in 1941 under the sponsorship 
of Frank Woodbury Jones, who serves as its registrar. The roster: 


Harry M. Beaumont William P. Gyatt Arthur H. Niles 

Den E. Bloodgood Wm. C. Hamm Andrew Palmer 

Floyd G. Browne George I. Hanson John R. Palmer 
Julius W. Bugbee William D. Hatfield Wm. M. Piatt 
Raymond G. Case Frank W. Jones Wm. A. Ryan 

E. Sherman Chase Harry J. Krum Theodore C, Schaetzle 
Morris M. Cohn Roy 8. Lanphear Glenn Searls 

Rodney E. Cook Carl C. Larson Russell 8. Smith 

P. N. Daniels John V. Lewis Willard R. Smith 
Nicholas DeHaas, Sr. George 5S. Long H. W. Streeter 

Earl Devendorf Winfield S. Mahlie Myron W. Tatlock 
George E. Flower C. D. MeGuire S. L. Tolman 

Harry M. Freeburn Edwin C. MeKeeman Henry Van Der Vliet 
E. D. Fry C. T. Mudgett Edwin B. Wagner 

G. L. Fugate E. L. Nance Charles E. Wheeler, Jr. 
Arnold H. Goodman I. H. Nevitt 


ANNUAL MEETINGS AND CONVENTIONS 


Vo Location Date No. Location Date 

1 Chieago, TIL. Oct. 16, 1928 11 New York, N. Y.¢ Jan. 21, 1938 

2 New York, N. Y.¢ Jan. 18, 1929 12 New York, N. Y.{ Jan. 20, 1939 

3 New York, N. Y.+ Jan. 14, 1930 13 New York, N. Y.+ Jan. 18, 1940 

+ New York, N. Jan. 22, 1931 Chicago, Oct. 3-5, 1940 

5 New York, N. Y.t Jan, 22, 1932 14 New York, N. Y.+ Jan. 15, 1941 

6 New York, N. Y.t Jan. 19, 1933 New York, N. Y.t Oct. 9-11, 1941 
7 New York, N. Y.t Jan. 18, 1934 15 Cleveland, Ohio$ Oct. 22-24, 1942 
8 New York, N. Y.+ Jan. 18, 1935 16 Chieago, IL§ Oct. 21-23, 1943 
9 New York, N. Y.+ Jan. 16, 1936 17 Pittsburgh, Pa.§ Oct. 12-14, 1944 
10 New York, N. Y.+ Jan. 22, 1937 18 Chieago, Tll.+ Oct. 17-18, 1945 


+ Annua! business meeting of Board of Control. 
t Convention of membership-at-large. 
§ Annual business meeting of Board of Control and convention of membership-at-large. 
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SEWAGE AND INDUSTRIAL WASTES March, 1955 
No Location Date Vo. Location Date 
19 Toronto, Ont., Can.§ Oct 7-9, 1946 23 Washington, D. C.§ Oct. 9-12, 1950 
) Philadelphia, Pa. Oct, 10, 1947 24 St. Paul, Minn.§ Oct. 8-11, 1951 
in Francisco, Calif.t Jul. 21-4, 1947 25 New York, N. Y.$§ Oct. 6—9, 1952 
= 21 Detroit, Mich.‘ Oct. 18-21, 1945 26 Miami, Fla.‘ Oct. 13-16, 1953 
; 22 Boston, Mass.‘ Oct. 17-20, 1949 27 Cineinnati, Ohio § Oct. 11-14, 1954 
fe DIRECTORY OF COMMITTEES 
1954-55 


Constitutional Committees 


(See Article VI of By-laws) 


Executive COMMITTEE OF THE Boarp or ConTROL 
D. B. Lee, Chairman 


L. J. Fontenelli Nicol MaeNicol KE. C. Jensen 
G. W. Martin W. 8. Wise W. A. Hardenbergh 


PUBLICATIONS COMMITTEE 


we The Publications Committee arranges the technical programs for the annual con- 
ventions of the Federation and has general supervision of all publications of the Federa- 
tion. 


si Rolf Eliassen, Chairman 


A. J. Fiseher, Vice-Chairman 


I’. W. Gilereas L. S. Kraus D. B. Smith 
L. L. Hedgepeth Fk, W. Mohlman G. E. Symons 
R. W. Hess R. E. Fuhrman 


ORGANIZATION COMMITTEE 


The Organization Committee examines and reports to the Board on applications 
for membership in the Federation and endeavors to encourage the formation of new 


regional associations or conferences eligible for membership 


Seth G. Hess, Chairman 


Richard Hazen J. W. Wakefield 


SEWAGE AND INpuUsTRIAL Wastes Practice CoMMITTEE 


The Sewage and Industrial Wastes Practice Committee reviews and directs for 
publication any resolution, report, or publication which establishes protes ional or tech 
nical standards in the name of the Federation. The following Manuals of Practice have 
been published under the direction of the committee: 

No. 1—Ocecupational Hazards in Sewage Works (1944) 

No, 2—Utilization of Sewage Sludge as Fertilizer (1946) 
No. 3—Municipal Sewer Ordinances (1949) 

No. 4—Chlorination of Sewage and Industrial Wastes (1951) 
No. 5-——Air Diffusion in Sewage Works (1952) 


Morris M. Cohn, Chairman 


D. E. Bloodgood, Vice-Chairman 


T. W. Clapham F. W. Mohlman D. M. Pierce 
E. B. Cobb H. E. Orford L. W. Van Kleeck 
C. FE. Keefer Langdon Pearse F. M. Veatch 


Kerwin L. Mick R. E. Fuhrman 
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Subcommittee on Sewer Maintenance 


This subcommittee of the Sewage and Industrial Wastes Practice Committee has 
been directed to develop a Manual of Practice on “Maintenance of Sewers and Ap 
The first draft of the manual is in preparation. 


” 


purtenant Structures. 
T. W. Clapham, Chairman 
A. A. Appel, Vice-Chairman 


N. 8. Bubbis M. B. Nixon Sydney Preen 
H. J. Graeser G. M. Olewiler C. S. Seabrook 
J. L. Klamm L. E. West 


Subcommittee on Standardization of Units 


This subeommittee of the Sewage and Industrial Wastes Practice Committee has 
been assigned to develop an approved schedule of units to be used in the reporting of 


plant operation and laboratory data. A committee of about forty members is engaged 
in revising a preliminary draft. 


H. E. Orford, Chairman 


Subcommittee on Trickling Filters 


This subcommittee of the Sewage and Industrial Wastes Practice Committee is 
engaged in the development of a Manual of Practice to be entitled “Trickling Filters 
Their Characteristics and Loadings.” 


Kenneth V. Hill, Chairman 


B. F. Hatch W. 8S. Mahlie 
Wm. E. Stanley 


Subcommittee on Sewage Works Accounting 


This subeommittee was created in 1946 for the purpose of developing a Manual of 
Practice on accounting procedures for municipal sewage works funetions. Mimeo- 
graphed copies of the manual in tentative form were made available for purchase in 
April, 1949. 

F. M. Veatch, Chairman 


G. J. Beiswanger EK. A. Farmer K. K. Wallace 
Alfred A. Estrada 8. I. Zack 


Subcommittee on Paints and Protective Coatings 


This subcommittee has the function of assembling experience and data on paints 
and protective coatings used in sewage works, to be presented with recommendations in 
the form of a manual. The subcommittee was created in 1946 and the first draft of the 
manual is now being prepared for critical review. 


Kerwin L. Mick, Chairman 


Virgil Anderson W. T. MeClenahan F. W. Pinney 
J. W. Johnson M. L. Robins 
L. 8. Kraus Walter A, Sperry 
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Subcommittee on Vacuum Filtration of Sludge 


March, 1955 


Chis subcommittee was created in 1951 for the purpose of developing a Manual of 


Practice on vacuum filtration of sewage sludge. 
E. B. Cobb, Chairman 


J. D. MeDonald W. E. Stanley 


Subcommittee on Operation of Sewage Plants 


L. W. Van Kleeck 


Chis subcommittee was created in 1953 for the purpose of developing a Manual of 


Vractice on sewage plant operation. 
D. M. Pierce, Chairman 
A. P. Troemper, Vice-Chairman 


8. T. Barker E. F. Eldridge 
F. W. Jones 
L. 8. Kraus 
W. 8S. Mahlie 


Ben Benas 

W. M. Bingley 
D. E. Bloodgood 
P. N. Daniels 


Subcommittee on Sewage Treatment Plant Design 


A. H. Niles 

H. G. Rogers 

G. E. Symons 

L. W. Van Kleeck 


R. E. Fuhrman 


rhe following Federation representatives were appointed in 1953 to serve jointly 


vith representatives of the American Society of Civil Engineers in the production of a 


manual of practice, 


N. EK. Anderson 
r. R. Haseltine 


M. H. Klegerman 


Subcommittee on Storm and Sanitary Sewer Design 


G. W. Martin 


C. L. Palmer 


rhe following Federation representatives were appointed in 1953 to serve jointly with 


representatives of the American Society of Civil Engineers in the production of a manual 


of practice, 


G. Gaither 
H. 8. Smith 


L. L. Sphar 


Researcn ComMMITTEE 


The Research Committee has the function of stimulating 


~ 


R. Velzy 
I. Zack 


research work among the 


various Member Associations, and of cooperating with other organizations in the pro- 


motion of research 
H. Heukelekian, Chairman 
H. E. Orford, Vice-Chairman 


D. BE. Bloodgood P,. W. Kabler 

N. S. Chamberlin Max Katz 

G. P. Edwards R. R. Kountz 

M. B. Ettinger R. M. Manganelli 
I. Gellman P. H. MeGauhey 
R. D. Hoak WwW A. Moggio 

R. 8. Ingols 


W. Allen Moore 
R. C. Palange 

G. A. Rohlich 

L. R. Setter 

D. B. Smith 

H. A. Trebler 

L. W. Van Kleeck 
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Subcommittee on Toxicity of Industrial Wastes 
This subcommittee of the Research Committee is functioning in three sections: 


Section I. Critical review of literature; P. Doudoroff, Chairman, C. E. Barnes, H. 
Heukelekian, G. P. Edwards, F. W. Kittrell, C. E. Renn and R. F. Weston. 

Section II, Development of methods for toxicity determinations on wastes; R. 8. 
Ingols, Chairman, H. E. Babbitt, D. E. Bloodgood, M. L. Granstrom, T. Jaffee, R. R. 
Kountz, N. L. Nemerow, M. L. Robinson, W. W. Sanderson, C. N. Sawyer and J. H. 
Sorrels. 

Section III. Development and standardization of bio-assay methods; P. Doudoroff, 
Chairman, B. G. Anderson, G. E. Burdick, P. 8. Galtsoff, W. B. Hart, R. Patrick, E. R 
Strong, E. W. Surber and W. M. Van Horn. 


Subcommittee on Research Projects 


H. Heukelekian, Chairman, L. Chambers, R. Eliassen, I. Gerring, R. D. Hoak, H. C. 
Marks, V. G. McKenzie, C. Morris, C. Renn and C, N. Sawyer. 


Finance CoMMITTEE 


The Finance Committee develops the annual operating budget of the Federation 
and affords guidance to the Board of Control in financial affairs. 


W. J. Orehard, Chairman 


L. J. Fontenelli D. B. Lee 


COMMITTEE ON STANDARD Metruops or SewaGe AND INDUSTRIAL Wastes ANALYSIS 


Created by the Board of Control on January 22, 1931, the Committee on Standard 
Methods of analysis was given constitutional status in October, 1953. The committee 
develops, perfects and modifies standard methods for the analysis of sewage and indus 
trial wastes and of sludges or by-products therefrom. It also functions with similar eom 
mittees of the American Water Works Association and American Publie Health Associa- 
tion in the production of the laboratory manual Standard Methods for the Examination 
of Water and Sewage, the tenth edition of which was published early in 1955. 


G. P. Edwards, Chairman 


R. 8. Ingols, Vice-Chairman 


L. D. Betz H. Heukelekian J. A. MeCarthy 
D. E. Bloodgood R. D. Hoak M. G. Mellon 
A. M. Buswell E. F. Hurwitz W. A. Moore 
N. 8S. Chamberlin J. E. Kinney J. C, Morris 

R. V. Day R. R. Kountz N. L. Nemerow 
W. E. Dobbins J. B. Lackey M. 8. Nichols 
K. Frashina V. Langworthy R. Pomeroy 

M. Ginn G. W. Lawton M. L. Robins 
C. F. Gurnham W. 8S. Mahlie W. W. Sanderson 
W. D. Hatfield H. C. Marks C. N. Sawyer 
L. L. Hedgepeth W. Maske L. R. Setter 


W. L. Henderson R. G. MeCall ht. F. Weston 
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Special Committees 
ON AWARDS 


The Committee on Awards was created by the Joard of Control on October 11, 
194] Functions of the committee are to advise the Board on matters of award pro 
cedures and to make recommendations as to the annual winners of the Eddy, Gascoigne, 


Emerson, and Industrial Wastes medals 
Philip F. Morgan, Chairman 
kk. D. Bargman R. KE. Stiemke 
Honorary Memrersnie CoMMITTEE 
Authorized by the Board of Control on October 24, 1942, this committee comprises 
the President and four latest, living Past Presidents with the senior Past President as 
chairman. The committee reviews nominations for election to the grade of Honorary 


Member and makes recommendations to the Board on such nominations 


R. BK. Fuhrman, Chairman 


Karnest Boyce L. J. Fontenelli 
i}, Sherman Chase D. B. Lee 
OpeRATION Reports COMMITTEt 
§ The Operation Reports Committee was created by the Board of Control on October 
é3 11, 1941, to provide for Federation recognition of outstanding operation reports The 


amittee now administers the annual William D. Hatfield Award. 
M. Dawkins, Chairman 


G. F. Bernauer W. D. Hatfield 
W. M. Bingley C. W. Klassen 


Operator’s QuALIFICATIONS COMMITTEE 


Authorized by the Board of Control on October 11, 1941, the Operator’s Qualifica 
tions Committee is assigned to “establish minimal qualifications for operators of various 
classes of treatment works.” The committee also has the duty of collecting and compil 


ing data on present procedures in the licensing and certification of operators for refer 


ence to Member Associations 


W. M. Chairman 


W. sallard T. C. Schaetzle 


Benjamin Benas Sol Seid 


INDUSTRIAL Wastes COMMITTEE 


The Industrial Wastes Committee was created by the Board of Control on October 
23, 1943, for the purpose of developing interest in this important field and to direct a 


program whereby the Federation may be of service in industrial waste problems. 


R. W. 


Hess, Chairman 


S. Watson, Vice-Chairman 


R. R. Balmer H. W. Gehm L. F. Oeming 
k. B. Besselievre F. Gurnham G. A. Pettit 

H. H. Black W. B. Hart H. T. Reuning 
D. BE. Bloodgood EK. A. Leonard C. N. Sawyer 


t. W. Ockershausen W. S. Wise 


J. M. Brown, Jr. 
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NoMINATING COMMITTEE 


The «pecial Nominating Committee was created by the Board of Control on October 
9, 1946, to function in an advisory capacity to the Election Committee. The Nominat 
ing Committee is to comprise the last five living Past Presidents, with the senior Past 
President as chairman. 


A. H. Niles, Chairman 


Karnest Boyce L. J. Fontenelli 
EK. Sherman Chase R. E. Fuhrman 


Quarter Century Operators’ 


The special Quarter Century Operators’ Club Committee was created by the Board 
of Control on October 9, 1946. It is the function of this Committee to establish eligibil- 
ity requirements, process membership applications, maintain the roster, and supervise 
the activities of the Quarter Century Operators’ Club 


H. Van Der Vliet, Chairman 


A. H. Niles Harold W. Streeter 


LeacisLaTivE ANALYSIS COMMITTEE 


The Legislative Analysis Committee was created by the Board of Control on 
October 17, 1945, to study legislation pertinent to the interests of the Federation and to 
serve the Board in advisory capacity. 


R. S. Shaw, Chairman 


J. H. Allen W. W. Gillespie M. LeBosquet 
V. W. Bacon R. L. Winget 


ConstTituTION AND By-Laws ComMI?TTEE 


The Constitution and By-Laws Committee was created by the Board of Control on 
October 10, 1947, to review and develop recommendations for the amendment of the 
Constitution and By-Laws of the Federation as may be deemed advisable under chang 
ing conditions. 


C. A. Emerson, Chairman 


F. 8S. Friel B. A. Poole 
W. J. Orchard G. 8. Russell 


Sarety CoMMITTER 


This committee was created in 1954 for the purpose of maintaining close liaison be 
tween the Federation and the National Safety Council in the fields common to both 


organizations. 
J. J. Wirts, Chairman 


G. L. Burt W. W. Mathews H. A. Schreiber 
U. T. Mann L. W. Van Kleeck 
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¥ Joint Committees With Other Associations 
(Also see Sewace anp InpustreiaL Wastes Practice CoMMITTEE) 


Jorst Committees oN ADVANCEMENT OF SANITARY ENGINEERING 


* On October 5, 1952 the Board of Control authorized participation in the Joint 
i Committee on Advancement of Sanitary Engineering with the American Society of Civil 
Engineers, American Water Works Association, American Publie Health Association, and 
American Society for Engineering Education. The objectives of the committee are to 
study professional recognition of sanitary engineers, educational and training require- 
ments, functional use in public health and military service, opportunities for employment, 


and similar matters 


FSIWA Representatives 


R. E. Lawrence D. F. Metzler R. 8. Rankin 


Jornt CoMMITTEE ON CHLORINE SuppPLy 


On October 11, 1951, the Board of Control authorized participation in the Joint 
Committee on Chlorine Supply with the American Water Works Association and the 
Conference of State Sanitary Engineers. The objective of the committee is to study 
problems of chlorine supply and distribution in the water and sewage fields, and to 
develop recommendations for their solution 


FSIWA Representatives 


L. H. Enslow L. L. Hedgepeth 


Poticy Apvisory Commirrert, APHA ENGINEERING SEcTION 


This joint committee was created in 1947 to advise the Council of the Engineering 
Section, American Public Health Association, on policies and activities of the Section 
relating to the field of environmental sanitation. Representation on the committee is held 
by national, regional, and state public health and sanitary engineering organizations. 


FSIWA Representative 


B. A. Poole 


Jomst Poticy ComMMITTEE 


his joint committee was created in 1954 to provide a unified approach to problems 


or actions arising by reasons of emergencies or in the common interest. Representation 
on the committee is held by the Federation, the American Water Works Association, and 
the Water and Sewage Works Manufacturers’ Association. 


FSIWA Representatives 


E. Sherman Chase L. J. Fontenelli R. E. Fuhrman 
C. A. Emerson D. B. Lee 
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Special Convention Committees 
CONVENTION MANAGEMENT COMMITTEE 


The function of this committee is to supervise details of the management of the 
Annual Meetings of the Federation. 
T. T. Quigley, Chairman 


H. E. Schlenz H. Van Der Vliet 
J. G. Stewart R. BK. Fuhrman 


Meerine Puace ComMIrrer 


This committee reviews invitations received for the Annual Meetings of the Fed 
eration and makes recommendations to the Board of Control in regard to the time and 
place of such meetings. 


D. B. Lee, Chairman 


L. J. Fontenelli G. W. Martin J. G. Stewart 
H. S. Howe R. 8S. Rankin R. EB. Fuhrman 
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Membership Lists 


SUMMARY OF MEMBERSHIP 
(As of December 31, 1954) 
Federation Members 


Honorary Members. . 

Associate Members 

Member Associations 
Active Members 
Corporate Members 


Net Membership of Member Associations * 


Member A ation } Active Honorary 

Alabama 32 
Arizona 41 
Arkansas 64 
California 543 
Canadian Inst | 121 
Central States 593 3 
Dakota 31 
hederal 
Florida 182 
(,eorgia 53 
(Crermany 37 l 
lowa 118 
(england 26 
ISP (J ngland) 132 | l 
Kansas 100 | 
Kentucky-Tennessec 106 
Louisiana 
Maryland-Delaware 62 
Mi higan 315 
Missouri 
Montana 
Ne brash i 35 
New England 350 2 
New Jersey 230 l 
New York 610 l 
North Carolina 121 
Ohio 302 
Oklahoma 51 
Pacifie Northweat 276 | 
Pennsylvania 186 2 
Puerto Rico 48 
Rocky Mountain 75 
South Carolina 15 
Sweden 73 
Swiss 15 
Texas 202 
Virginia 93 | 
West Virginia 73 

Totals 6,101 14 


* Not including Dual Members 


Corporate | 


bo 


ord 


14 

68 

38 
6,101 
163 


Total 


34 
64 
8 552 
» 
l $23 
28 624 
31 
85 
182 
| 53 
118 
26 
133 
100 
3 109 
9 
| 
62 
315 
39 
35 
39 
231 
17 628 
121 
35 337 
276 
31 | 519 
18 
| 75 
2 ‘7 
73 
| 15 
I 203 
6 79 
— 
163 6,278 aes 
| 
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MEMBER ASSOCIATIONS 


MEMBER ASSOCIATIONS 
Alabama Water and Sewage Association—-Sewage Works Section (Affiliated 1948) 


Territory: State of Alabama. 
President: C. Lamon; Vice-President: C. L. Gray; Director: J. L. Crockett, Jr.; 


Treasurer: L. Hubbs; Secretary: W. L. Samuel, Alabama Polytechnic Inst., Auburn, 
Ala. 


Arizona Sewage and Water Works Association—-Sewage Works Section (Affiliated 
1928). 
Territory: State of Arizona. 
President: P. J. Martin, Jr.; First Vice-President: G. T. Rederdre; Second Vice 
President: M. V. Ellis; Director: L. O. Gardner, Secretary-Treasurer: Quentin M. 
Mees, 721 N. Olsen, Tueson, Ariz. 


Arkansas Water and Sewage Conference—-Sewage Works Section ( Afliliated 1946). 


Territory: State of Arkansas. 
Chairman: A. O. Chastain; Vice-Chairman: L. J. Embree; Director: G. T. Kellogg; 
Secretary-Treasurer: Harrison Hale, ¢/o Southern State College, Magnolia, Ark. 


California Sewage and Industrial Wastes Association ( Affiliated 1928). 


Territory: State of California. 

President: A. A. Appel; First Vice-President: H. B. Foster, Jr.; Second Vice 
President: EK. V. Quartly; Director: F. G. Nelson; Secretary-Treasurer: J. C. 
Mallery, 4822 N. Dunsmore Ave., La Crescenta, Calif. 


Canadian Institute on Sewage and Sanitation ( Affiliated 1933), 


Territory: Dominion of Canada. 
President: N. S. Bubbis; Vice-President: C. G. R. Armstrong; Director: N. Mae- 
Nicol; Secretary-Treasurer: A. FE. Berry, Ontario Dept. of Health, Parliament 
suildings, Toronto 8, Ont., Can. 


Central States Sewage and Industrial Wastes Association ( Affiliated 1928). 


Territory: States of Illinois, Indiana, Wisconsin, and Minnesota. 

President: O. J. Muegge; First Vice-President: A. J. Duvall; Second Vice-President : 
W. E. Ross; Third Vice-President: A. P. Troemper; Director: M. L. Robins; 
Secretary-Treasurer: George F. Bernauer, 713 Chapman St., Madison, Wis. 


Dakota Water and Sewage Works Conference—-Sewage Works Sections ( Affiliated 
1936). 


North Dakota Section 


Territory: State of North Dakota. 
President: P. Hays; Vice-President: EB. Ostlie; Director: R. J, Stapf; Secretary 
Treasurer; Jerome H. Svore, c/o State Dept. of Health, Bismarek, N. Dak. 


South Dakota Section 


Territory: State of South Dakota. 

President: 8S. Bies; Vice-President: C. Clark; Director: KR. J. Stapf; Secretary- 
Treasurer: Charles EF. Carl, c/o Div. of Sanitary Engineering, State Board of Health, 
Pierre, 8. Dak. 
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Federal Bewage Research Association (Affiliated 1930). 


Territory: Federal employees wherever stationed. 
President: 8. C. Martin; Vice-President: P. Douderoff; Director: L. B. Dworsky; 


Sec retary Treasurer Keith 5. Krause, Room 4212A, South H KE Ww Bldg.., Wash 
ngton 25, D. C. 


Florida Sewage and Industrial Wastes Association (Affiliated 1941) 
Territory State of Florida. 


President: P. Flanagan; Vice-President: C. BE. Richheimer: Director: J. EB. Kiker. 
Ir.; Secretary-Treasurer: M. BE. Dawkins, P. O. Box 210, Jacksonville 1, Fla. 


Georgia Water and Sewage Association—Sewage Works Section (Affiliated 1936). 
Territory: State of Georgia 


President F. Lamb; First Vice-President W. W. Kiser: Second Vice-President 


, L. Futral; Director: C. BE. Drummond; Secretary-Treasurer: A. T. Storey, 1210 
Hemphill Ave., N.W.. Atlanta, Ga 


German Sewage Technologists Association ( Affiliated 1950) 
Abwassertechnische Vereinigung) 


Territory Western Germany 
President KF. Schreier: Vice-President M. Priiss; Director: F. 


Sierp; Secretary 
Treasurer: O. Pallasch, Theaterstrasse 24 


Bonn, Germany. 


Institute of Sewage Purification—England ( Aflilinted 1932) 


lerritory: British Empire. 
President: A. Key; Vice-President: H. Taylor; Director: W. F. Freeborn; Secre 
tary: W. ¥. Freeborn, 34 Cardinal’s Walk, Hampton-on-Thames, Middlesex, England. 


Institution of Sanitary Engineers—England ( Affiliated 1932) 


Territory: British Empire. 

President: J. T. Calvert; Vice-President: N. J. Tatman; Director: W. F srown ; 

Treasurer: A. Sceiver; Secretary: Ernest V. Balsom, 118 Victoria St., Westminster 
W. 1, London, England 


Iowa Sewage Works Association ( Affiliated 1928) 


lerritory: State of lowa. 
President: L. Holteamp; Vice-President: V. Garwood; Director: H. 8. Smith; 
Secretary-Treasurer: L. F. Skorezeski, 207 South 15th Ave., Marshalltown, Towa. 


Kansas Sewage and Industrial Wastes Association (Affiliated 1935) 


lerritory: State of Kansas 


Chairman: L. Cunningham; Vice-Chairman: L. Beyer; Director: M. Nelson; Se 
retary-Treasurer: Robert H. Hess, Supt. of Water and Sewage Treatment, City 


Building, Wichita 2, Kans. 


Kentucky-Tennessee Industrial Wastes and Sewage Works Association ( Affiliated 
1946). 


Territory States of Kentucky and Tennessee. 
Chairman: R. P. Johnson; Vice-Chairman: C. M. Davidson; Director: F. W. Kit 
trell; Secretary-Treasurer: 8. Leary Jones, 420 Sixth Ave., N., Nashville 3, Tenn. 
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Louisiana Conference on Water Supply and Sewerage—Sewage Works Section (Af- 
filiated 1949). 


Territory: State of Louisiana. 
Chairman: J. L.. Love; Vice-Chairman: R. L. Lawrence; Director: J. J. Holtgreve; 
Secretary-Treasurer: George H. West, P. 0. Box 15, Lake Charles, La. 


Maryland-Delaware Water and Sewerage Association—Sewage Works Section (Af 
filiated 1928). 


Territory: States of Maryland and Delaware. 

President: FE. F. Donaldson; First Vice-President: R. L. Nichols; Second Vice 
President: F. ¥. O’Connor; Director: R. UH. Ritter; Seeretary-Treasurer: W. M. 
Bingley, 2411 N. Charles St., Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Association ( Affiliated 1930). 


Territory: State of Michigan 

President: H. M. Leonhard; First Vice-President: F. W. DuBois; Second Vice 
President: H. McEntee; Director; C. L. Palmer; Secretary-Treasurer: D. M. Pierce, 
Michigan Dept. of Health, Room 334, Administration Bldg., Lansing 4, Mich. 


Missouri Water and Sewerage Conference—Sewage Works Section (Affiliated 1929). 
Territory: State of Missouri. 
Chairman: C. 8. Smith; Vice-Chairman: EK. G, Lee; Director: J. K. Smith; Seeretary 
Treasurer: Warren A. Kramer, ¢/o State Office Bldg., Sixth Floor, Jefferson 
City, Mo. 


Montana Sewage and Industrial Wastes Association ( Affiliated 1944) 


Territory: State of Montana. 
Chairman: D. Anderson; Vice-Chairman: M. F. Dixon; Director: F. F. Palmer; 
Secretary-Treasurer: Harvey W. Taylor, Morrison & Maierle, Ine., Helena, Mont. 


Nebraska Sewage and Industrial Wastes Association (Affiliated 1952) 


Territory: State of Nebraska. 
President: E. BE. Borden; Vice-President: W. F. Rapp, Jr.; Director: T. A. Filipi; 
Secretary-Treasurer: V. J. Lechtenberg, 614 Standard Oi! Bldg., Omaha, Nebr. 


New England Sewage and Industrial Wastes Association (Affiliated 1929). 


Territory: States of Maine, New Hampshire, Vermont, Massachusetts, Connecticut, 
and Rhode Island. 

President: W. E. Merrill; First Vice-President: J. H. L. Giles; Second Vice-Presi- 

dent: C. N. Sawyer; Director: W. 8. Wise; Secretary-Treasurer: Henry F. Munroe, 

75 Paine Ave., Cranston 10, R. T. 


New Jersey Sewage and Industrial Wastes Association (Affiliated 1942). 
Territory: State of New Jersey. 
President: J. W. Hood; First Vice-President: J. W. Collom; Second Vice-President 
A. Palmer; Director: 8. Seid; Secretary-Treasurer: Michael 8. Kachorsky, P. 0. 
Box 766, Manville, N. J. 


New York Sewage and Industrial Wastes Association ( Afliliated 1930). 
Territory: State of New York. 
President: W. L. Edwards; Vice-President: C. K. Irving; Director; A. J. Fischer; 
Treasurer: J, C. Brigham; Secretary: R. C. Sweeney, e/o State Dept. of Health, 
21 N. Broadway, White Plains, N. Y. 
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North Carolina Sewage and Industrial] Waste Association (Affiliated 1929). 
lerrito: State of North Carolina 
Chairman: Harri Vice-Chairmas R. S. Phillips; Director: P. D. Davis; 
W Long Tr Box 2091, Raleigh, N. C 

Ohio Sewage and Industrial Wastes Treatment Conference ( Affiliated 1932) 
ey tory State 
W Sheets; First Chaurman \ Pettit ; Second Vice-Chatr- 
man: FF. Ruek; Director: G. A. Hall; Secretary-Treasurer: Ward FE. Conrad, 301 


Ohio Depts. Bldg., Columbus 15, Ohio 


Oklahoma Water, Sewage and Industrial Waste Conference—Sewage Works Section 


Affiliated 1929) 


Perrits State of Oklahoma 
President: M. A. Buereklin, Jr.; Vice-President: W. C. Douce; Director: C. E 
Moutrey; Secretary-Treasure? John P. Smouse,. State Dept. of Health, 3400 N 


Kastern, Oklahoma City 5, Okla 


Pacific Northwest Sewage and Industrial Wastes Association (Affiliated 1933) 
Territory tates of Washington, Oregon, and Idaho 


President: F. Merryfield; Vice-President: E. F. Eldridge; Director: KE. C. Jensen; 
Secretary-Treasurer: Walter W. Saxton, 405 Old Capitol Bldg., Olympia, Wash. 


Pennsylvania Sewage and Industrial Wastes Association ( Affiliated 1928) 


lerrito: State of Pennsylvania. 
President: G. J. Wiest; First Vice-President: L. L. Gwin; Second Vice-President: 
G. A. Elias; Director: H. T. Reuning: Secretary-Treasurer: B. S. Bush, ¢/o Penn 


lvania Dept. of Health, Kirby Health Center, Wilkes-Barre, Pa 


Puerto Rico Water and Sewage Works Association ( Affiliated 1947) 


lerritory: Puerto Rico 
President: . F. Saavedro; Vice-President: R. Bras; Director: L. R. Robles; Seere 
faru-Treasurer Robert J. Auld, ¢/o Puerto Rico Aqueduct and Sewer Authority 


Rox San Juan 12, Puerto Rico 


Rocky Mountain Sewage Works Association ( Affiliated 1947) . 


lerritory States of Wyoming. Colorado, and New Mexico. 
President: W. ¥. Turner; Vice-President: R. L. Streeter; Director: B. V. Howe; 


retary-Treasurer: John R. Peterson, 376 Citv and County Bldg... Denver 2. Colo 


South Carolina Water and Sewage Works Association—Sewage Works Section (Af 


filiated 1949) 


Territory: State of South Carolina 
Chairman: J. D Spence ; Vice-Chairman J. D. Lesslie; Director: T. BE. Robertson. 
Ir.; Secretary-Treasurer: T. A. Kolb, 1329 Ellison Rd... Columbia. 8S. C. 


Swedish Association for Water Hygiene (Affiliated 1952) 
(Féreningen For Vattenhvgien) 
Territory Swede 
President: S. Vallin; Vice-President; N. O. Heinertz; Director: N. Westberg, S 
tary-Treasurer: Erik Jonsson, Box 5038, Stockholm 5, Sweden. 
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Swiss Association of Water and Sewage Professionals ( Affiliated 1947). 
Verband Sehweizerischer Abwasserfachlente) 


Territory: Switzerland. 
President: F. Baldinger; Vice-President: A. Hoerler; Director: P. Wildi; Treas 
urer: FE. Holinger; Secretary: Pierre Wildi, Hegenmatt 28, Zurich, Switzerland. 


Texas Water and Sewage Works Association—Sewage and Industrial Wastes Section 
(Affiliated 1928). 


Territory: State of Texas, 

Chairman: K. B. Mills; First Vice-Chairman: W.S. Mahlie; Second Vice-Chairman: 
G. A. Doty; Director: C. H. Connell; Secretary: V. M. Ehlers, 2202 Indian Trail, 
Austin, Tex.; Assistant Secretary and Treasurer: Mrs. BE. H. Goodwin. 


Virginia Industrial Wastes and Sewage Works Association ( Affiliated 1947). 


Territory: State of Virginia. 
President: F. H. Miller; Vice-President: L. R. Albert; Director: B. L. Strother; 
Secretary-Treasurer: J. L. Hamrick, Jr., 415 W. Franklin St., Richmond 20, Va. 


West Virginia Sewage and Industrial Wastes Association (Affiliated 1947). 


Territory: State of West Virginia. 

President: ©. C, Thompson ; First Vice-President: T. K. Bruee; Second Vice-Presi 
dent: J. W. Lester; Director: H. K, Gidley; Secretary-Treasurer: Glen O. Fortney, 
State Dept. of Health, Charleston 5, W. Va. 


HONORARY MEMBERS 


Kerry Albert E. (1954). Director Hyde, Charles Gilman (1943), Cons Moses, Howard f (1943) Con 
Ontario Dept of Health, San Engr., 2495 Shattuck Ave., Berke Ener State Dept of Health 
Eng Div 235 Gainsboro Rd., | ley 4. Calif 1522 N. Second St.. Harrisburg 
Toronto 8, Ont., Can Pa 

Bugbee Julius W (1942), 246) Imhoff, Karl (1953), Cons. Engr.,| Orchard. William J. (1946). Gen 
Lowell Ave Providence 9, R. I Robert Schmidt Str. 8. Essen. Ger Mer., Wallace & Tiernan Co., Inc 

DeBerard, Wilford Willis (1950), many Newark 1, N. J 


Dep. Commr. of Water and Ch 


Pearse, Langdon (1942) Sanitary 
pe Eos Lockett, William T. (1954), Chief Ener.. § salers Dist, of 
ri Pub . i s, 40 ity an, Chemist, Middlesex County Main 910 S. Michigan Ave., Chicago § 
Drainage Works, Oak Lane, Isle 1) 
Emerson, Charles A. (1941), Cons 1 
Has & Emerson Wool worth, Middlesex, Eng Rudolfs, Willem (1945), Huzaren 
worth Bldg.. New York 7, N. ¥ aan, Joppe (Geld), The Nether 
Gilcreas, F. Wellington (1948), Asst. | Moblman, Floyd W. (1944), Dir oe 
Dir, Div. of Lab. & Research Div. of Lab., Sanitary Dist. of | Streeter, Harold W. (1953), Box 
tate Dept. of Health, New Scot Chicago, 910 S. Michigan Ave 192, RR, Old Indian Hill Rd 
and Ave Albany 1, N. ¥ Chicago 5, IN Cincinnati ? Ohio 
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ACF Industries, Ir 1501 E. Ferry 


Ave Detroit 11 Mich Rep 
William A. Gormley ales Mar 
e D 
Airken Inc 241 East 44th t 
New York N. ¥ Rep. J. M 
n Bergen 


Ame n City Magazine, 4 Fourth 
New York Rep 
Edgar J. B heim, Pres 
An an Cor Pipe Assn 228 
LaSa Suite 1033, Ch 
Ke Howard F. Peck 
worth, M ging Dis 
Ame un We Work 100 N 
Broadway, Aurora, I Rep. L. 
er, | \ 
D | Produ 
I Armco Steel Cory Middle 
town, Ohio, Rep. W i ndler 
Put Mgr 


Industrie Ine 445 Harris 
Ave,, Providence, I., Rep 
G. W. Kelsey, Vice-Pre 


Carter, Ralph B., C 192 Atlantic 
t.. Hackensack, N. J., Rep. J. J 
Horgan 

Cha Belt Co Milwaukee 4, Wis 

Rep. W. B. Marshal 


Chapman Valve Mig Co., 203 
Hampshire St Indian Orchard 
Ma Rep. John H. Sheehan 

Chicago Pump Co., 622 Diversey 


Parkway, Chicago 14, Ill Rep 
Milton Spiegel, Vice-Pres 
Climax Engine & Pump Mfg. Co., 
208 N. LaSalle St., Chicago 4, Il., 
Ret E. D. West, Mar 
Combustion Engineering, Inc., Ray 
d Pulverizer Div 1315 N 


Chicago 22, Ill., Rep 


Crane Co 836 Michigan Ave., 

Chicago 5, Itl., Rep. J. W. Bowe 
Dorr Co., Barry Pl., Stamford 
Conn 


EKimeo Corp S. Hicks Rd 
t I Rep Paul O 


Central Div 


Richter Mer 


Engineering News-Record 30 W 
St... New York 36, N. Y 
Everson Mig. Co., 214 W. Huron St 
Chicago 10, Ill., Rep. R. B. Ever 

n, Pres 


Fairbanks, Morse & Co., 80 Broad 
St New York 4, N. ¥ Rep 
Charlies J. Prestler Mar Pump 

I her & Porter ( Hatboro, Pa 

Rep. Jack Burke 


Flexible Sales Corp 86 Durango 


Ave Los Angels 4, Calif., Rep 
Peter I Lila Mar 
Fe Co Uti Ind. Div Fox 


Mass., Rep. Russell H. Bab 


ASSOCIATE MEMBERS 


Gale Oil Separator 52 Vander 
bilt Ave., New York 17, N. Y 
Rep. William A. Ge Pres 

General Electric Co., 1 River Rd 
Schenectady 5, N. Y., Rep. E. O 
thoff 

General Laboratory Supply Co ) 
Market St., Paterson 3, N. J., Reg 
I. T. Kleis 

Gruendler Crusher & Pulverizer ( 
2915 N. Market St., St. Louis ¢ 


Mo., Rep. William P. Greundler 


Hardinge Co., York, Pa, Rep. M 
C. Fleming 

Hersey Mig. Ce Corner of E. and 
Second Sts . Boston 27, Mass 
Rep. William (¢ herwood 

Homestead Valve Mig. Co., Box 348 
Coraopolis Pa Rep F F 
Schuchman 


Industrial Materials t 
St Trenton Ave h phia 
34, Rep. John M. Riordar 
"Tes 

Inertol Co Inc 4 Fre gh 
sen Ave Newark Rey 
G. W Rupp 

Infileo Inc 2 12th Ave 


Tucson, Ariz., Rep. H. W. Gillard 


Jeffrey Mig. Co Columbus 16, 
Ohio, Rep. S. L. Tolman 

Johns-Manville Corp 
St.. New York 16, N. Y., Ret 
R. F. Orth 

Josam Mfg. Co., Michigan City, 
Ind., Rep. Leo N. Newman 


Komline-Sanderson Eng. Corp., P 
O, Box 257, Peapack, N. J., Rep 
T. R. Komline, Pre 


Lakeside Eng Corp., 222 W 
Adams St Chicag 6, Ill., Rep 
O. Friend 

Limestone Products Corp. of Amer 
ica, Newton, N. J., Rep. Howard 
N. Stark 

Link-Belt Co., Colmar Plant, Col 
mar, Pa., Rep. B. K. Hartman 

Lock Joint Pipe Co., E. Orange, 
N. J., Rep. F. F. Longley, Vice 

Pres 


Mathieson Chemical Corp., Mathie 


son Bidg., 10 Light St., Baltimore 
3, Md., Rep. Keith MacLeod 
Mine Safety Ap ar Co., Brad 


dock, Th mas & Meade Sts Pitts 
burgh 8, Pa., Rep. N. R. Chil 
lingworth 

Minneapolis-Honeywe 
Wayne & Windrim 
phia 44, Pa., Rep. W. H. Sisson 
Industry Mar 

Morse Boulger Destructor Co Sew 


age & Waste D I 42nd 
St New York N. ¥ 

Mueller Co., 512 W. Cerro Gordo 
St., Decatur, [l Rep. R. H 


Morris 


INDUSTRIAL WASTES 
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National Water Main leaning Co 
50 Church St., New York, N. Y 

Rep. J. A. Frank, Pres 

chols Eng. & Research Corp., 

Wall Tower, New York 5, N. Y., 

Rep. R. W. Rowen 


N 


Pacifie Flush Tank Co 4241 
Ravenswood Ave Chicago, Ill., 
Rep. I E. Rein 

Pittsburgh-Des Moines Co., Neville 
Island Branch, Pittsburgh 25, Pa 
Rep. L. E. O'Leary 

Pittsburgh Pipe Cleaner Co. of 
N Y.. Ine 990 Broad St 
Newark, N. J Rep. Kyle I 
Robinson, Pres 

Preload Co., Inc., 211 E. 37th St., 
New York 16, N. Y., Rep. E. H 

hwaits, Vice-Pres 

Price Brothers Co., 1932 fF Monu 

Ave., P. O. Box 825, Dayton 

Rep. Harry S. Price, Jr 

Public Works Magazine, 310 E. 45th 
St., New York, N. Y., Rep. W. A 
Hardenbergh 


Rockwell Mig Co., Pittsburgh 
Equitable Meter Div., 400 N. Lex- 
ington Ave Pittsburgh 8, Pa., 
Rep. J. F. O'Grady 

Royer Foundry & Machine Co., 158 
Pringle St Kingston, Pa., Rep 
S. B. Davies, Pres 


Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa., 
Rep. Everett M. Jones, Sales Mgr 

Smith Mfg. Co., A. P., 545 N 
Arlington Ave., E. Orange, N. J., 
Rep. W. P. Baerenrodt 


Vapor Recovery Systems Co., 2820 
Alameda St., Compton, Calif., 
Rep. F. V. Long, Pres 


Walker Process Equipment, Inc., 
Aurora, Ill., Rep. J. D. Walker, 
Pres 

Wallace & Tiernan Co Inc 25 
Main St., Belleville 9, N. J., Rep 
r. T. Quigley 

Warren Foundry & Pipe Corp., 55 
Liberty St., New York 5, _ 
Rep | F. Benjamin, Vice-Pres 
in Charge of Sales 

Wastes Engineering, 24 W. 40th 
St. New York 18, N. Y., Rep 
Karl M. Mann 

Water & Sewage Works, 185 N 
Wabash Ave., Chicago 1, Ill., Rep 
E. S. Gillette 
st Electric Corp., P. O 
Box 146, Pittsburgh 30, Pa, Rep 


Wood Co., R D Public Ledger 
Bidg., Independence Sq., Phila 
delphia 5, Pa., Rep. Theodore W 
Wood 

Worthington Corp., Harrison, N. J 

Rep. C. K. Hood, Vice-Pres 


Yeomans Brothers Co 1999 N 
Ruby St., Melrose Park, Il., Rep 
Charles Yeomans, Pres 
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SUPPLEMENTAL MEMBERSHIP DIRECTORY * 


The last full membership listing, published in the March 1954 issue of THs 

JOURNAL, gave the membership roster of Member Associations as of December 31, 

F | 1953. This supplemental listing, therefore, includes only the names and addresses of 
those who have been added to that previous listing as new or reinstated members during 


1954 and therefore were not included in the main biennial listing. 


Abell, DeWitt S., Dist. San. Engr., | Anderson, Glade, Sales Engr., Pacific Bach, R. S., Sales Engr., General 


State Dept. of Health, 601 Hotel States Cast Iron Pipe Co., 6399 Filtration & Eng. Ltd., 1546 Ave 
Jamestown Bidg., Jamestown, Wilshire Bivd., Los Angeles, Calif nue Rd., Toronto, Ont., Can 
N. ¥ (N.Y.) (Calif.) (Can.) 

Acks, William F., Pit. Mgr., Bechtel- | anderson. H. P.. Supt.. Sewage Pit., | Backflow Eng. & Equip. Co., Att 
McLaughlin, 6." Box 948, 575 Oak St.. alif Leonard L. Snyder, Chief Engr., 
Sandusky, Ohio (Ohio) (Calif.) 5725 Alcoa Ave , Los Angeles 11, 

Adams, Archie C., Dist. Engr., Wal . — Calif. (Corp. Calif.) 


lace & Tiernan Co., Inc., 


Bague, Francisco R., P. R. Aqueduct 
1Sth St., Huntington, W. 


14084 Anderson, James C., Chief 
Va Sewer Serv., Guayama, P. R 


P. O. Box 213, Woodland, Calif 


(W. Va.) Calif.) (P.R.) 
Adams, Harry G., Pit. Engr., Gen- | Anderson, Robert, Sr. Oper., 3437 aigas, Jose ? 7 

Burlington, Vt. (N.Y.) (Mich.) America, Textile Div., Charlotte, ' 
Addenbrook, J. Robert, see Adden- Anderson, Thomas P., Engr., Div. of N. ¢ (N.C) poe . 

brook’s Sons, Inc., J. ' of San. Eng., State Re of Health, Bailey, J. F., Sec. & Gen. Mar, * 
Addenbrook's Sons, Inc. U., Att Columbia, $. C. (S.C Tex. Vitrifield Pipe Co., Mineral a... 


Robert Sadcabresk Sec., 119 | Wells, Tex. (Tex.) 
25th St. Norfolk 10. Va Andolino, Michael D., Jr., Acting 


Supt., Disp. Pit., 1239 Sunnyside Baird, Floyd E., Mfr. Agent, Engi 
Dr., Fairlawn, N. J. (NJ.) neered Products Co., 1401 Peach 
tree St.. N.E., Rm. 401, Atlanta, 


(Corp. Va.) 
Adee, L. E., Continental Oil Co., 


P.O. Box 2103, Billings, Mont. | Andrews, C, C., City Engr., Ander Ga. (Ga.) 

(Mont.) | oom, 5. C. (5.C.) Bankson, E. Edwin, Cons. Engr., 
Adiconis, Michael, Supt., Sewer | Andrews, W. F., Sales Mgr., General Ellis E. Bankson & Sons, 1116 

Dept., Madeira Beach, Fla. (Fla.) Filtration & Eng. Ltd., 1546 Ave- Berger Bidg., Pittsburgh 19, Pa 
Airkem Chicago, Inc., Att: Eugene | nue Rd., Toronto, Ont., Can (Pa.) 


G. Erwin, 6735 N. Honore St., | (Can.) Barber, B. P., Barber, Keels & 

Chicago 26, Ill. (Corp. Cen. St.) Angley, E. A., Supt., Sewage Trt Assoc., Inc., 1418 pee . c 
Akers, Ward L., San. Engr., State | Pit + 109 E. Michigan Ave., Mar- Columbia, 8. C. (S.C Nae; 

Bd. of Health, 121 Fourth Ave., shall, Mich. (Mich.) Bare, Ben K., Cons ed , Burgess ; 

Rock Island, Ill. (Cen. St.) . & Niple, 2015 W. Fifth ve 


S 
| Chasis Over, Serer 12, Ohio 
Rapids, Iowa (Iowa) Barko, John M., Gen. Foreman, Fin 

ishing Dept., Daystrom Instrument 


Alberts, Richard Designer, 
Ammann & Whitney, 2168A S. 25th | 
St., Milwaukee, Wis. (Cen. St.) 


Albertson, Murray G., Sales Engr., Anthony, Arthur C., Civ. & San Div., Archbald, Pa. (Pa.) 
Dorr Co., 136 Sylvan ae Rd., Engr., Levitt & Sons, In 45 Barl A I Cc 
Stamford, Conn. (N.Y Glenwood Lane, Levittown, Pa tarlow, Jesse H., Commr, of Sani- 
Albright, Richard O 4s2s Marc (Pa.) 
Lane, Apt. 250, Indianapolis, ind Arrowhead Lime & Chem. Co., Sales — OE 


Barnes, Chester W., Foreman, Sewage 


(Cen. St.) Div U. S. Lime Products Corp T 
Alford, M. D., Supt., Mun. Sewerage Att: Carroll Stephens, 57 Post St Bisbee St = 
System, Hot Springs, Ark. (Ark.) San Francisco 4, Calif. (Corp (Pac, N.W.) 
Aliberti, Henry J., City Engr., 103 Calif.) B . : 
arnes, Thomas C., Supt., Sewage 
Wilbour St., Lewiston, Maine (New | arthur, Lawrence B., Supt., Sewage Trt. Pit., 4430 Bisbee tt . Klamath 
Eng.) Pit., 429 N. Elm St., ale I} Falls, Ore. (Pac. N.W.) 
4 chit (Ka 
ans.) Art Metal Works, Inc. (Pa.), Att Sanitation, Box 258, North Beach 
Allen, Ocie C., Design Engr., Freese H. Stoner, Pit. Mgr., 250 Harris Md. (Md.-Del.) 
Worth” Te (Ten. t., E. Stroudsburg, Pa. (Corp Baron, George C.. Design Engr., 
Allen, R. E., 14519 Kenny St ro Harold S. Prescott, Cons. Engr, ong 
Houston 15, Tex. (Tex.) Associated Industries of N. Y. State, (Cs 
Alsop, John R., Jr. San. Raar., Stat Inc., Att: J. R. Shaw, 1 Elk St (Callf.) 
‘ Op, JO » Jf. SAB. Albany 7, N. Y. (Corp. N.Y.) Barth, T. S., 7236 Appleton St., 


Dept of Pub. Health, 135 N. 
Oakland Ave., Pasadena, Calif Atkins, Chester S., Supt. of Water, 


Houston 22, Tex. (Tex.) 


(Calif.) tox 152, Pasadena, Tex. (Tex.) Bascaran, Jose N., P. R. Aqueduct 
Alspaugh, Thomas A., Chem., Cone Attwell. Walter G.. Head of Sani ji ae ste a 2932, San 
Mills Lab., 1311-D Walker Ave., tation Dept 520 E. Palm Ave uan, é ) 
Greensboro, N. C. (N.C.) Burbank. Calif. (Calif.) , Basgall, V. A., City Mg. Municipal 
Alta, Town of, Att: C. F. Sangstron, , : Bidg., Junction ity, Kans 
Clerk, Alta, lowa (lowa) Auc hter, M. J., see Charmin Paper (Kans.) 
American Viscose Corp., Att: L, H. Mills, Inc. Baudoin, J Chief Oper Sewage 
Pownall, Roanoke 7, Va. (Corp. Aulenbach, Donald B., Res. Fellow, Prt. Pit., “iis St. Johns § 


Lafayette, La. (La.) 


Va.) Dept. of Sanitation, Rutgers Univ 

Amidon, Willard C., Supt. of Sewer 441 River Rd., Dover, Del. (NJ y Beas, Robert O., Inspection Engr., 

, Village Hall, Sparta, Mich . fater Dept., 4826 N. i3th St, 
Mich.) Austio, Supt, Water & Sewage | Philadelphia 41, Pa. (Pa.) 

Amos, Jack R., Stud., Purdue Univ., s : Bauerlein, Charles B., Field Engr., 
Ross Ade Dr., Bidg. 6, Apt. 5, | Austin, E., Joanna Cotton Millis Co., Fischer & Porter Co., 29 Bala 
West Lafayette, Ind. (Cen. St.) | Joanna, S. C, (S.C.) Ave., Bala Cynwyd, Pa. (Pa.) 


* Member Association affiliation shown in parentheses, 
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SEWAGE AND 


Bristow, J. J. R., Res. Dir., Fla 
Div., Clinton Foods, In 
Box 157, Dunedin, Fla. (Fla.) 

Broadnix, Philip H., Oper Sewage 

Fed. of New Jersey “Y’ 
F. D. 1, Milford, Pa 


1 G., Oper., Sewage pup 
11. Box 345, Ft. Wort 


Brown, Frank R., Supt. & Sec., Util 
Bd., P. O. Box 638 Springfield 


Browning, Glen A San 
} t Bur. of San. Eng 2180 
Milvia St Berkeley 4, Calif 


Bryan, John G Supt., Sewerage 
Auth 29 Hazel Ave Pitman 
N. J. (N.J.) 


Bryant, Allen C., Asst. Plt. Oper., 75 
N. Ocelot St Dunkirk, N. Y 


Buchanan, J 730 E. San An 
tonio. El Paso, Tex. (Tex.) 

ick C., Supt., Sewage Trt., 402 

Waterman St Texarkana, Tex 

(Ark.) 

Buckingham, Robert A., Pub. Health 
Engr Tenn. Valley Auth., 725 
Edney Bldg Chattanooga, Tenn 
(Ky.-Tenn.) 

Buckley, John D., Rep., Metcalf & 
Eddy 2624 S.W 36th Ave., 
Miami, Fla. (Fla.) 

Bubr, Victor W., Cons. Engr 1 
E. Main St., Salisbury, Md. (Md.- 
Del 

Buntin, William H., Chief Oper., 
Sewage Trt. Pit., 1105 Lisenby 

e., Panama City, Fla. (Fla.) 

Burden, J. P., City Engr., City Hall, 
San Angelo, Tex. (Tex.) 

Burg, Donald, Commr., St. & Sewer 
Box 444, Stromsberg, Nebr 
(Nebr.) 

Burnet, John W., Res. Field Engr., 
Ford Motor Co. of Canada, Ltd., 
403 Riverside Dr., Oakville, Ont., 
Car (Can.) 

Burnett, Carey C., City Mer., Al 
bany, Ga. (Ga.) 

Bush, R. H., Chief Engr., Deering 
M ken Service Corp Box 1605 

partanburg, S. C. (3.C.) 


Buster, Alan A., see Crown Central 


Bi 


Butler, Forest E., Plt. Oper., 1521 
5. Adams St., Tacoma 6, Wash 


Butz, George A., Chem. Engr., Chem 
Div., Endicott Johnson Corp., 
Endicott, N. Y N.Y.) 


Cahoon, S. E., see Standard Oi| Co 
Caldwell, Richard I Sales Engr., 
I Columbia Turn 
yike, E. Greenbush, N. (N.Y. 
Calico Printers’ Assn., Ltd., The Li 
arian, Re t St. James 
Bldg Oxford St., Manchester 1, 
Lancs., Eng. (ISP) 
Callon, Herbert, City Engr., Great 
Bend, Kans. (Kans.) 
Campenni, Louis G., Civ. Engr., Lee 
P ure Cons. Engr., 2337 Hudson 
Terrace, Coytesville, N. J. (N.J.) 
Carbon r. J., Engr... McKim Twp 
11 Elm St., I Sudbury, Ont., 
Can Can.) 
aressi, Charles V Chief Chem 
Empire Box Corp. of Stroudsburg 
P. O. Box 54, Stroudsburg, Pa 


xt 


j Reach, Robert W., Chairman, Bd. of Blakeman, T. Ledyard, Exec. Dir., i 
mr Lake City ewer Dist Detroit O Res Planning Comm., 
4 t., Seattle, Wash 1002 Cadilla juare Bldg., Detroit 
26, Mich. (Mick | 
, I upt ewage Trt. Pit Blaker Alexander, Mar Laundry, | L 
Box in Coe Bay, Ore Camp Tamiment Tamiment Pa | 
I (Pa.) I 
Kea Roger W ipt f Water Blachard, ¢ Dougla Field Engr Brown, | 
- Dept., 503 Planter St., Bainbridge Fairbanks, Morse & Co., 580 M Pit., Rt i 
Ga. (Ga.) tauk Ave., New London, Conn Tex. (Tex 
Es Beam, T. Jeremiah, Vice-Pres.-is New Eng.) Brown, Floyd W., Dist. City Fore i 
( ge, Dist atic Blaisdell, F Rodwel Dist. Engr man 1936 W. 93rd St., Los 
Ke i ' (lermon State Bd. of Health, 24 McIntyre A 4 f 
Bidg Ashe e N. (N.C.) } 
a Beattie, Willard D Design Engr Block. Burtor Cor Ener., Rip ie 
i Parker Hil A Ingmar 1204 ple & Howe, 83 45 rd St.. Der [dis 
er Woodbine Way eattle 77, Wash ver, Cok Rky. Mtn.) eS 
2, Pac. N.W Blum, Herman B., Chem., Albro Be 
Donald, Meta gica Packing Ce pringboro, Pa. (Pa.) 
: & Control, Boerner, F. W ales Engr 540 
Connelsville, Ohio (O (Cen. St.) 
3 Beavin, B. I r., Partner, Porter Bogardus, F. F see Roots-Conners in 
Urquhart & Beavin, Cons. Engr., ile Blower 
621 Chestnut Ave Towsot 4 ty 
vy Md. (Md.-Del.) Bohuslav, E. J., Engr., Mech. Dept Le 
au Becker, Charles H., Sales Engr., De Tex. Gulf Sulphur Co., Newgul! Ps 
Laval Turbine Pacific 164 Tex. (Tex.) 
Folsom an Franc Calif Boisvert, Paul P Town Engr., 906 | 
Calif.) 6th Ave hawinigan-Sud., Que., 
Becker, Thomas A 445 Cobb Can. (Can.) | 
ce Dearborn, Mich. (Mich.) Boneta, Juan B., P. R. Aqueduct & | 
“f Beblke, James P., Ex Poll. Con Sewer Serv., Arecibo, P. R. (P.R.) 1" 
in t Comm tate Dept. of Health Bonilla, Rafael D., P. R. Aqueduct | 
2 I E. 18th A Olympia, Wash & Sewer ery Box 832 San | 
N.W.) Juan 12, P. R. (P.R.) 
ss Beidler, J. W Tech. Dir., C, H. | Bonney, Charles H., Assoc. Prof. of ie 
a M ian { Box 252, Bigler Civ, Eng., Vanderbilt Univ., Nash } 
os Pa. (Pa ville 4, Tenn Ky-Tenn.) | : 
Benko, Andrew, Chem., Metal W. Vice-Pres., Belle 
hen Protection ¢ 19 Manor Rd Alkali Co.. Belle, W. Va. (W. Va.) pres 
Wexford, Pa. (Pa.) Boughner, R. Field Engr., State + 
<t Bentle We D., Partner, Hund Poll. Control ¢ m., 408 Old Capi } 
ce ley, Halff & Bentley, Cons. Engr tol Bldg Olympia, Wash. (Pa ; 
6915 Meadowlake Ave., Dallas 14 N.W.) 
Tex Tex Bowen, John J., Sales Enagr., General 
oe Berg, Harvey E., see National Alumi Electric Co., 413 Halton Rd., Syra issue 
cuse 10, N. Y. (N.Y 
| Bengt, I Allmanna | Bowen. Robert N., Engr., Water Poll 
path Ingenjorsbyran AB, Ingenjorsgatar Control Auth tate Bd. of Health | 
G borg weden weden) Columbia, S. (S.C) 
Berg inte, Ce Engr Vat Boxer Jerome Chen Interstate 
i ba ter genacdst in, Humlegardsgatar Sanitation Comn 173 E. 53rd St | es 
“4 tockholm Sweder Brooklyn N. Y (N.Y.) 
be: Berglund, Dag T., Chem. Engr., Div. | Boyer, J. A., Water Supply Cons., ved 
% Water Chen Royal Inst. of Pub Health Serv 1509 Bella Br 
I \ avagen 79 Stock Vista, Dallas 18, Tex. (Ark.) 
weden ) Bramblett, W. J., Branch Mgr., Co 
Besozzi, Alfio J., see Evans Research | lumbia-Southern Chem, Corp., 408 | 
& Development Cort Rusk Bldg., Houston, Tex. (Tex.) 
vf Best, Charles N tud., Pa, State | Bramer, Her ( Fellow, Mellon i 
Se ste College, Pa. (Pa Pittsburgh 13, Pa. (Pa.) on 
ei b man, W. J., Chem., Water Pit Breck, Ted, Oper ewage Disp., 413 | es 
Lex (Cen t 
Bienek, Leo J., Oper sewage Pit Breedlove am R Sales Engr., 
agg Elm 5t., Alexandria, Minn Wallace & Tiernan Co., Inc., 2614 a 
t lard St., Lubbock, Tex. (Tex.) 
Pit Kalispe Mont font.) Dept Daytona Beach 
Richard, 28-AT Dunvale R Fla. (Fla 
Towson 4, Md. (Ga Brickey, M. L., Mgr., San. Dist., 
at Bircha George H., J Div. Maer Fountain City, Tenn, (Ky.-Tenn.) ; 
ae Fischer & Forter Co., 139 Chest- | Briggs, Richard E., Mar., Talbot 
vutley J. Wool Combing Co., Elm St., Nor 
ee Kish E. Pardee, Asst n. Engr n, Ma New Eng pm 
1 Dep of Holly Briley, Harold D Cons Engr 
a rucksville, Pa. (Pa.) Briley, Wild & Assoc., P. O. Box : 
Bishop & ¢ Platinum Works ( Daytona Beach, Fla. (Fla.) 
M. Schofield, Res. | Brink, Robert J., Res. Engr., Asst 
vers, Fe. (Corp. Fa.) Dir, of Res., Buick Motor Div 
Bjornsor Cashie Water 11346 unset Dr Clio, Mich 
Dept K Mont Mont.) Mich.) 
= Black, Charl \ Pres Black & Brisbin terling G., Haviland Rd., Et 
A In trd St R. F. D Stamford, Conn., c/o 
Gainesville, Fla, (Fla.) Waters (New Eng 
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5 Joseph E., Oper., 27 P DIRECTORY 
Vinsted, Gone Chow St., | Clear Creek Vall 381 
arlough, H. O., Supt., W tation Dist and Sani- | C 
ewers, 47 Maple A Me ater & vada, Colo "(Rk . Box 433, Ar Lyman, 1200 R 
N. Y. (N.Y.) ve., Suffern, | Clearman, Will y. Mtn.) Hickory, Tenn ayy Dr., Old 
Dist., P O. Box 83 Overhaul & Asst. Pit Dept Supt. Water & Li » 
Carmict el — Air Sta. at Jack Dept.. | Craig j Ga. (Ga 
ichae dav , usmor St sonville, 452 Sup 
> icipal Bide (Fla.) » Orange Park, Fla Sewage Dept Wks. & 
(S.J.) ma, N. J. | Clemens E Cramer. Wal dit on, Ga. (Ga.) 
Carpenter, Da ton § C., Treas., C State I Jr. San. E 
4 Sewer P annel- Dept of 
Charles’ T Engr., Ind. (Cen. St Co., Cannelton, St., W 138 E. 3rd 
ircle Wakefield. 7 Cleveland. T.. Will Crane, H. M., Asst (F a.) 
eng.) (New Sewage Trt Jr.. Asst Dept of Health State 
arpenter, George W., Ch _Livingston, N. J. (N.J Dorse Ave _St., Oklahoma City 
of Water, N Sewa Wk , Dept Clifford, Gilbert W NJ.) Crawford, E. A la. (Okla.) 
Brown ‘St., | Westward Springs: Fle nental Paper Ce Me, 
artes B., Asst. E ubb, Will rawford. Ws 
“inc” 121 &. Bross Albright & | De jam C., City E Wave 
c., 121 Broad ept., ¢ y Engr., E Rep., M 
delphia 7, Pa vad St., Phila- | (Pac. N W) Hall, Eugene, (Tex.) Box 8188, 
arter, Walter C., W | Coblentz, Ra Crosby, W ie aa 
Hall, Mineral , City Civ. Ener.. A Poll’ Control Chem., Water 
Case. Hi : , Tex. (Tex.) 600 Strs c., Arch. & E Health, C Auth., State Bd ere 
4 arry E., see Dravo C | (Cen rauss Bldg.. Ft. W ‘ner. 2 Columbia. S. C bd. of Regs 
mann Distilling C Mgr., Fleisch- ochran, Morgs 248, Baytown, T P. O 
Ower ky Ewing Rd., in Pit... Sewage | Crowe Tex, (Tex.) 
Cepero, Frank, P y.-Tenn.) olumbus 2, Ohic Patterson Ave., Alan A. Bust etroleum Corp., Att 
Sewer Serv. R. Aqueduct & Cocke, Emory I Yhio) O. Box 7159 hem. Engr., P 
12. P. R. (P 2832, San Juan ts Citrus Tex.) uston 1, Tez 
eroky, E Atlanta 3 iam Oliver royle. Guy E 
; Arse nal, hy Chem Ravenna ollar, Louis H (Fla ) 4th St Lew hief Oper ‘ 927 Ww 
ville, Ohio D. 2, Garretts- lar Co., 2818 H. & K. J. Col- Cullin, Pa. 
Cessna. H. W.. T : City, Kans Kansas ondary Sewn Chief Oper., Sec- 
- 3807 1Sth A The Mueller Co Collins, Da Ave... Phe ge Pit., 328 Thi fas 
(Ga.) Sth Ave., Columbus Ga & Eddy, fot Engr., Metcalf Cushman Pa. (Pa.) 
j Chamberlin, Royal F _ Mass (New Ene) St., Brookline, Oper., a. P., Asst. Pit eta 
: Corp.. P. O yal F., Republic Steel Collins, Roy H., € Dist., Childs Ra nat Paul San ra a 
2594, Birming- Rt. 4, Box Sewage Pit St. Paul 1, Mine 0 Box 3598 
Chambers, W ~s (Pac. NW.) Kirkland, Wash. ( uttica C en. St.) 
trol, Fos . Mgr., Quality Con- ollins, S. R., C » N. ¥. Cit Elec. Engr 4 
Coope os Concentrate d Lewisburg, Box 349 von 92nd Pub. Wks 
Pk. Sta., Orlando, Comal Sales E ork 72, N.Y. Y) 
‘Es hamlin, Cas a a.) ral Electric ‘ngr., Ge 
2621 Fifth “st. J., Cons, Engr Syracuse 2 S. Salina St Dallemand, G. E., C 
St.) St., Peru, Il, (Cen. Connell, (N.Y) Great St., 6. Chy 910 
Chapman, L. O., P Maurice H H., Cons. Engr Mtn.) Colo, (Rky 
man Co.. Inc. L. O. Chap- Langford Bid mnell & Assoc., 206 Janneberg, W. H 
Pp. O. B (FI dg., Miami 32 ‘ Gen, Tech. A 
Ch 3, N.C. (N.C.)- 364, | Con of Pa. 
harmi ° ynover, erton, P of Pa 
f J Inc., Att: M Nutting Co Engr., H. C Darroch, C. A 4 
Wis. (Corp. Cen Green Bay, | _ Cincinnati 26, Ohio Rd., Products Cor 20 he Benton 
Chauvin, H. P., | onstable, Paul, Or Jhio) I Pleasant, M ich (M Broadway, 
Bem Monsanto Ch Wates Disp Pit., 1438 N Ww ver., Sewage Trt Javila, Federicio, P 
i311. Te em. Co., P O. Box | 47, Fla. (Fla.) 103rd St., Miaw Sewer Serv.. B R. Aqueduct & ns 
cone ity, Tex. (Tex,) | Cooksey Ray, ii P. R. (PR ox 2832, Jean 
Iders, Jim B., Civ. E . | Marcel Salesman davis, C. 
Childs, Laurence K | “NE! 124th St. North Engr, 618 | D enn. (Ky.- 
4 Tracer, I nce K., Sewage Wks (Fla.) , North Miami, Fla avis, Francis G., C i sss 
fers, L. / y os 
Air Force . Chief Insp., MacDill ton Ave., Cedar upt., 480 Pomp- | D drian, Mich. (Mich eecher Bi sak 
| Tampa 4 ma 6106 Lynn Ave (N.J.) Grove, N. J Sole J. H., City E ; ott 
Chubb, Alva J., W a) } A., Supt.. Ft. W. Davis (Pac Nw ) y Hall, 
Raymond Div estern Dist. Mgr., | ter _F ational Air Port, A orth 120: n, Oper., Sewage T 
| Ir , Combustic Field, 2605 mon Car 2° Marvine S age Trt. Pit 
Tex. (Tex.) Ave. Ht, Ft. Worth | Bethlehem, Pa., 
alif. (Calif.) eles | Cornelius, F Dav 
Le own, City of ° iddle- | : nati, Ohio (Obio) Ave., Cincin (Pac. N.W.) , Connell, Wash. ape 
‘ Supt., Sewage Disp Cond, City Engr., F Kenneth, Chem Sincl 
: N. J. itman St., Carteret, | Correa, Houstoa, Tan Detroit, 
J. C., Supt., Tech Juan, P. R Box 2832, San Davis, Ronnie C., 
craft Pulp, & Det | Cosgrove, M ) Sewage Trt. Pl , Oper. (Stud.) 
National Board Mill, Sewage T Marilyn N., Chem Cc. L. O., niv. of Fis.. i 
950, Valdosta, O Fall River, + Bay St | Gainesville, Fila 15th St., 
: ark, John W., Civ ‘ Coulter des New Eng.) F Javis, T ‘tesa 
College of A aM Pat, =. | San. ‘eg Cent A. Taft Dept., Water 
ollege, N. Mex (Rk State | *kwy er, 4676 Columbia day, Lloyd 
: Mtn.) , Cincinnati, Oh | Supt. of W 
if Clark, Raym “4 Cous , Ohio (Fed.) fall, Union G of Water, Cit 
Equio ond. 5 W. Municipal M., Asst. Exec. Off o Gap, Wash (Pee 
Okla (Okla ) ox 1874, Tulsa, Sist Control Bd., 701 | DeFebbo, A. J., 
i State Dept of H st. San, Engr., | Cox, Allen, § | 237 W. Kline Ave ept. of Health, 4 
{ la.) y > la Cc Jegen, 
‘ox, Knollin B., Supt. Asst. Chem., N. 
Cherry St of Util., 2 y Dept. of Pub 
, Wenonah, N. J (N’ sott St.. B Wks., 28 Tap- 
J) wy)” lyn 12, N. 
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DeGoicoechea, Emilio, Cons. Engr Eckstein, John A., see Mayer & Co Fen sales Engr.. Process 
Calle K No. 356, entre 19 y 21 Oscar Ex 420 Peninsular Ave., 
Vedado, Havana, Cuba (Fla.) Edelblut, Walter J., Pres.. Edelblut Calif. (Calif.) 

Deitrich, Walter ( Asst upt., Sew Constr. Co., P. O. Bow 845, Ft Fe sl The Buckeye Cel 
ame Pit 13¢ Columbia Ave Myer Fla. | 1 u P.O. Box 143, Foley, 
Bloomsburg, Pa. (Pa Edwards. Richard N Asst. Civ Fi j 

cH Pu Come Ener.. L. FE. Woot Warren Ferguson, Reed ( see Sealite, Inc 
Dethi, Ont.. Can. (Can.) Bidg., Raleigh, N . Ferrara, Angolo C Asst. Plt. Oper 

Dermody, J. I Cons. San. Engr Eller, Duane, Chief Oper., Municipa Nassau Co. Dept. of Pub. Wk 
221 Daniel Rd.. N Massapequa Bidg Junction Citys Kans > White House Ave Roosevelt 
L. L, N. ¥. (Kan N. Y. (N.Y.) 

De Ruiter. Herbert upt Sewage Ellis, George J Asst. Engr.. Nassau Ferrie, L. James, Sec.-Treas.. Union 
Pit., 309 S. Yale, Villa Park, Co. Dept. of Pub. Wks., 24 Ken ewerage Comm. of Mimico & 

Cen. St neth Ave., Bellmore, L. I.. N. ¥ New Toronto, 261 Church St 

Dewey, LaVerne 1., ( Engr., U. § N ) Minico, Ont., Can. (Can.) 

Navy, lith Naval Dist.. Pub. Wks Naugar. A un Re Asst. Pur F erruce Pasquale J., San. Chem 
Off., 633 Medford St | Cajon due Ur P. O. Box 642. West Sewage Trt Wks 2037 Van 
Calif. (Calif Lafa Ind. ( t Vranken Ave., Schenectady, N. Y¥ 

DiC D. Hu pt Engle William J Chem., State (N.Y 
County, 2719 FB. 19th St., Tucson Dept. of Health, 2939 Croyden Figueroa, Juan G., 104 Taft St 
Ariz. (Ariz.) Rd., Harrisburg, Pa. (Pa.) anturce, P. R. (P.R.) 

Dickerson, Gordon upt Sewage Engstrom, Frank! G., Chief Proc Finch, Cecil G., Foreman, Gen. Util 
Trt. Pit., 4194 Spring St New Engr.. Standard Oj) (. Rox 696 Sharpe Gen. Dept., 2912 N. “ 
Castle, Ind. (Cen. St Toledo. Ohio (Ohio St., Stockton 5, Calif. (Calif.) 

Dieterich, B. H., Herrn Dipl Ing Frice Mart A saith Finn, J. C., U. S. Pipe & Foundry 
Institut for Gesundheitstechnik ( He alth Co,, 250 Stuart St Boston 16 
Technischen Hochschule eestrasse Gastor WiC) Mas (New Eng.) 

16 tuttgart, Germar (Csermany page > T 
On. iorentino Tony Pres Hi-Tar 

Dixon, Jack M., Engr. J. Murray | Ernst, John, Oper.. Sewage Trt. Pit Builders & Fabricators, 60 Blauvelt 

Africa Co., 113 Fourth St., Hunt Ave., W. Haverstraw, N. Y. (N.Y.) 
1adon a) Er tugene G ‘ Chi 
ingdon, Pa. (Pa bees rus 13 Airkem Ch Fisher, John M., Jr., Stud., Ga. Inst 

Dixon, Ralph fF Supt., P. O. Box . of Tech., 2310 Stewart Ave., At 

98, Del Mar, Calif. (Calif.) Etzel, James I tud., Purdue Univ lanta, Ga. (Ga.) 
= st Lafayette { 

Dobson, Richard T., Asst. Engr West Lafayette, Ind. | pier, Nell B.. Chief Oper. Water 
one, D Pit., Univ. of Iowa, Medical Lab 
+. Box 439A, Altoona, Pa. (Pa.) Eubank, J. I., Mer. & Oper., Cham Bidg., lowa City, Iowa (lowa) 
oleman up vers Co, Water Contro rove 

D lemas F.8 ipt. & Oper., Box ber Wa r rol & Impr ; | Fisseler, Les, Supt., Sewage Trt.. 
4, Cottage Grove, Ore. (Pac ment Dist, 1, Box 188, Mor City Hall, Eng. Dept.. Waco. T 
NW.) Belvieu. Tex. ( Tex.) , Eng Jep aco, ex 

Donaldson, William, 123 N. Second | Evans, J. B., State Maer Armco : — 

Se. lola. Rene, (Kane) Drainage & Metal Products. P. O Fleming, Wylie J., Mgr., Schmalz 


Doty, F. 0.. F. O 
P. O. Box 428 
(Kans.) 

Doty W Sec 


Doty & Sons, 
Pittsburg, Kans 


Treas., Ogallala 


Ogallala, Nebr. (CNebr.) 
Dougherty, Edward R., Supt., Sew 
age Trt, Pit., City Hall, Mexico, 
Mo (Mo.) 
Drain, Ray A., see Tucson, City of 
Drake Ww of Sewers 


F Supt 
Fayetteville, Tenn. (Ky.-Tenn.) 


Dravo Corp., Machinery Div.. Att 
Harry E. Case, Dravo Bidg., Pitts 
burgh 22, Pa. (Corp. Pa.) 

Drummond, Hubert | Engr., Al 
bright & Friel, Inc 1129 Angora 
Ave Yeadon, Pa. (Pa.) 

Drynan, W. Ronald, Grad. Stud., 
Iniv. of Toronte 1900 Whitis, 


Austin 5, Tex. (Can.) 
Duncan, B. M Asst. Dir. of 

Wks., Bur. of San 

5. Lois 


Pub 
Sewers, 606 
(Fla.) 


Tampa, Fi 


Dunlap, Edward I ec.-Treas., Mid 
diesex Co, Sewerage Auth... P. O 
Box 942, New Brunswick, N. J 
NJ.) 

Dunlap, Frank B Oper Sewage 
Pit., Naval Air Sta tJuckingham, 
Pa Pa.) 


Dust Joe, Supt 
4540 Detroit Ave 


Sewage Trt. Pit., 
Beaumont, Tex 


(Tex.) 

Dyce, Quentin P., Denver Fire & 
Clay Co 2406 Meadowood Dr 
Billings, Mont. (Mont.) 

Dye, Elmer I Chem., P. O. Box 


741, Waterloo, lowa (lowa) 


Kastman, Eli N., Supt. of Sewers, 


659 Hope St., Waterloo, lowa 
(low 

Eberman, J., Mgr., Util. Dept., Shell 
Chem. Corp., Box 2653, Houston 
1, Tex. (Tex.) 


Box 173, Lansing. Mich 


vans Research & 


Corp., Att: Alfio J 


(Mich 


Development 
Besozzi, 250 


E. 43rd St., New York 17, N 
(Corp. N.Y.) 
Evans, Robert B., San. Ener., Ford 


Bacon & Davis, Inc 

Rd., Glen Rock, N. J 
Evans, Theodore R 

Ind. Waste Trt 


15 Oak Knoll 
(N.Y.) 
Oper., Water & 

Ranco, Inc., 601 


W. Fifth Ave., Columbus 1, Ohio 
(Ohio) 

Evans, Walter C., Lead Oper., Sew 
age Trt. Wks., 4322 Marlborough, 
San Diego S, Calif. (Calif 

Evert, William P., Pit. Oper., 1322 
Stevens, Richland, Wash. (Pac 
N.W.) 

Eways, M. J., Pres., Mast Eng. Co., 
Inc., 325 Washington St., Reading 
Pa. (Pa.) 

Fagrell, Ake, Chief Pub. Health 
Off Varbergsvagen 42 Joras 
Sweden (Sweden) 

Fairbanks Morse & Co., %h & 
Harney St., Omaha, Nebr. (Corp 
Nebr.) 

Farnham Willard, Sales Engr 
Farnes & Martig, In 57th N.E 
Glisan, Portland, Ore. (Pac. N.W.) 

Pit tox 


Farr, Harold R 
636 ty 


Oper 
ahoe ( Calif 


alif 
Farrar, Howard, City Foreman, 119 
W. Carlton, Ontario, Calif. (Calif.) 


Farro, Harry P., Engr 599 Pomp 
ton Ave Cedar Grove N 
(N.J.) 

Faulkner, William J., Ind. Waste 
Insp., 717 Harrison Ave., Fresno 4 
Cahill 

Fauth Edward H Development 
Engr., Barber-Greene Co.. 400 N 
Highland Ave Aurora, Ill. (Cen 
St.) 


Dairy, Lebanon, N. J. (N.J.) 


Fogal, Louis, Oper., Sewage Trt. Pit., 
$607 i. Jensen Ave., Fresno, 
Calif. (Calif.) 

Folke, Gordon W., Sr. San. Engr 

State Dept. of Health, 510 Bayard 

St.. Kane, Pa. (Pa.) 


Force, J. W., Supt., Disp. Pit., City 
Hall, Valdosta, Ga. (Ga.) 

Ford, James G., Magr., Mfg. Eng 
Dept., Westinghouse Electric 
469 Sharpsville Ave., Sharon, Pa. 
(Pa.) 

Forgarty John F., Vice-Pres., 
Zahner & Co., 1018-21 Dwight 
Bidg., Kansas City, Mo. (Mo.) 

Forrest, Glen L., Engr., Municipal 
Bidg., Ilion, N. Y. (N.Y.) 

Foster, John H., San. Engr., Mal 


colm Pirnie Engr., 25 W. 43rd St., 
New York 36, N. Y. (N.Y.) 

Fox, Edward R., Mgr., Toronto Off., 
Francis Hankin Co., Ltd 15 


Avion Ave., Toronto, Ont., "Can 
(Can.) 


Fox, Marion J., Reg. Land Surveyor, 
Ralph A. Main, Cons. Engr., 344 


Henrietta, sirmingham, Mich 
(Mich.) 

Franklin, Richard R., Grover Farms, 
Inc., Grover, Pa. (Pa.) 

Franps, A. W., Boyde E. Phelps 
Inc., 805 K of P Bidg., Indian 
apolis, Ind. (Cen. St.) 

Frazee, John, Asst. Supt., Elec. & 
Water Dept., 208 E. 3rd St., Au- 


burn, Ind. (Cen, St.) 


Free, L. L., Supt., Southwest Util 
Corp 1406 Braewick, Bellaire, 
Tex. (Tex.) 

Frey, Harry J., 4496 Korte, Dear 
born, Mich. ( Mich.) 

Frieday, W. F., Town Engr., 51 
Russell St Arnprior, Ont., Can 


(Can.) 


if 
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‘ Froehlich, E. F., r., Sewage Trt. | Glenz, Kenneth A., Asst. Div. M | Hagestration, John E., Chem. Engr., peak 
$020 Cillian’ Houston 7, | Municipal Co., $53 Water & Wastes Disp.. The Chem 
Tex. (Tex.) WwW “th St., iamsport, Pa. | Corp.. Pensacola, Fla 
Fulmer, T. B., Jr., Mfr. Rep., Ful (Pa.) | (Fla 
‘mer & pF 1900 E. Sunrise | Godard, Wilfrid, Plt. Oper., St. Clair | Hagood, Howard, Jr. Mar. Rep.. ANE 
3 Bivd., Ft. Lauderdale, Fla. (Fla.) Metro. Beach, 30555 5 River Rd., | P. O. Box 175, Bellaire, Tex eels 2 
Fulton, Don R., Field Engr., Roots- | Mt. Clemens, Mich. (Mich.) a (Tex ) Seen 
- ad Connersville Blower, 122 S$. Michi- | Goldberg, Alexander S., Asst. Dir., | Hale, Charles L., Supt., Sewage Trt Sap 
; gan Ave., Chicago 3, Mil. (Cen Sanitation Control, Passaic Valley | Pit., West Center St., Warsaw, Ind ; (oie 
St.) | Sewerage Comm., 47 Eckert, Ave., | (Cen, St.) ae 
Funt. Everard, Pit. Chem. U.S. | _ Newark, N. J. (N.J.) | Hale, Harry L., San. Engr., Fairfax Ae 
Steel Homes, Inc., Mounted Rt., | Goldsmith Pub. Health | County, Fairfax, Va. (Va.) 
’ Mechanicsburg, Pa. (Pa.) Engr., City Hall, 241 W. South | fall, Clark J., Jr, Sales Enar., i 
St., Kalamazoo, Mich. (Mich.) | Fischer & Porter Co., 2000 Sheri 
| Gomez, Germaine, Chem., Stream & | dan Dr., Tonawanda, Buffalo 25, 
> Robert, Co, Air Poll. Co, Health Dept., 67 | N. 
Saginaw, Mich. (Cen. St.) ‘| Bayou Lake Apts., Pasadena, Tex. | Hall, George L., State Dept. of Pit. 
| (Tex.) | Health, 2411 Charles St., Balti 
; jalloway, Frank R., Material Test- | ¢ 
Galloway, Frank Bur of Stand. | Conzales, Alfredo H., Box 10059 more 18, Md. (Md.-Del.) 
te ards, 10109 Oro Vista Ave., Sun- | Santurce, P. R. (P.R.) Hall, Jack R., Supt., Sewage Trt haa 
ke land, Calif. (Calif.) | Goodman, Stephen H., Dist. Mer Pit., Clare, Mich. (Mich.) Pe 
Santa Clara Co. Sanitation Dist Hall. Ralph H.. Sales R 
Garber, Andrew Wilkes. | NO 4.378 E. Campbell Ave.. | Co., Inc., 321°S.W. 7th Miami, 
= Gi | Gorlinski, Joseph S., Exec. Off, Cen- | Hallett, James B., 6230 N.W. Sth Stic, 
| Valley Reg. Water Poll’ Con- | “Gouri, “Miami 38, Fla. (Fia.) 
velt, trol Bd., 608 13th St.. Sacra 
| Gardner, Roy L., & mento 14. Calif. (Calif.) ‘ 
Hitchings, 613 Arctic Bldg., Seat- | Gould, Melvin L., Engr., Chrysler Fullg 
tle, Wash. (Pac. N.W.) Corp., 12800 Oakland Ave.. High- Ave., Montclair, 
| Maint., 8909 C as, Tex 4 m, M., Supt., 
8909 Comer, Dai Grathan, Warren, Oper., Disp. Pit., Trt, Pit., Municipal Bldg... Boulder 
Gaudy, Anthony F., Jr., Mass. Inst Colo. (Rhy. Mtn.) 
| Rm 224A, Graduate one, Hamilton, Woodward, Western Mar., 
ouse, C i M (New Scranton Publishing Co., “Water & 
ambridge, ass Sewage Works,” 185 N. Wabash 
| ow es, Lewis Chie “onstr Ave., Chicago, Til. (Cen. St.) 
Gautby, E. N., Mgr., Chem. Constr 
Div. Provincial Eng Ltd., Niagara of 0 Hamm, William C., Jr., Sewage Serv 
Falls, Ont., Can. (Can.) G D. Port Washington Sewer 
3reco, ic ing-Greco Jist., 203 Main St., Port Washing 
Ope, Hardware & Paint Co., 8th Ave. & ton, N. Y. (N_Y.) 
: | Green, Billy J., Asst. Chem., Solvay Proc. Div., Allied Chem. & 
Metin, DE... Comp East Dr.. Ft. Worth, Tex Corp., Box 1224, Atlanta, Ga 4 
L. N. ¥. > . 
ie . . Greenfield, H. C., Chief Pub. Health | Hamrick, David O., Dir., Qualit ; 
fp Sewer, Engr., Cen. Dist., State Dept. of Control, Fruit Industries, 
+ easenton, . Health, 233 Maple Ave., Trenton 3106 16th Ave., W., Bradenton. outs 
George, Wilbur H., Mer... 8, N. J. (NJ) Fla. (Fla.) 
St., New Cum- Greengard Charles Ww. Cons. Civ. | Handerhan, John, 421 W. Main St. 
Engr., 153 Blackhawk Rd., High- Lansdale, Pa. (Pa.) 
Gerdes, George, Supt ry land Park, Ill. (Cen. St.) 
‘ ve., Maywood, N. vestigator, State 
nin Ave., Maywe Rene Dept. of Health, P. O. Box 143. 
Gett nger, O. C., Mer., San Dist NW. Adlente “Ge (Ga. St. Marys, Pa. (Pa.) 
P. O. Box 626, Wheaton, Il . > Hanselman, R. W., Rep., Homelite as 
(Cen, St ¥ B. E.. Oper Leb Tech., Corp., 1426 June St., Box 55 
Sewage Trt. Pit., Virginia Beach, 
i) Gex, V. E., Proc. Engr., Proctor & Va. (Va.) Jacksonville, Fla. (Fla.) ee 
lhe Gamble, P. O. Box 175, Cincinnati | Groth Bertil, Prof., Kungl. Tekniska | Hansen, Chris M., Supt. of Constr., ee 
. 31, Ohio (Ohio) Hogskolan, Valhallavagen 79, Stock- ery Costa County, Box 342, 4 
| Gibson, Paul R., Tech. Supt., Ameri- holm 0, Sweden (Sweden) Martinez, Calif. (Calif.) wei 
1 ‘ can Viscose Corp., Parkersburg, | (Guest, Karl M., Pit. Magr., National | ey Carl G., Owner, C. G. Hard- gl 
| W. Va. (W. Va.) Container Corp., P § Box 950, | ing & Co., 333 E. Las Olas Blvd., ra: 
bis Giesker, William C., Chief Chem., | Valdosta, Ga. (Fla.) Ft. Lauderdale, Fla. (Fla.) a 
| The Autoyre Co., Oakville, Conn. Guillou, John C., Res. Asst. Prof. of | Harding, Elwood R., Supt., Sewage & Nace 
. (New Eng.) Hydr. Eng., Hydr. Eng. Lab Univ Incinerator Pit., N. Iron St., Reser Beet 
Gil, Benedicto, P. R. Aqueduct & of Ill., 1007 Western Ave., Urbana voir Hill, Bloomsburg, Pa. (Pa.) Meh 
a3 Sewer Serv., Box 2832, San Juan, Ml. (Cen. St.) Hare, George F., Sanitarian Asst., Bs) 
: P. R. (P.R.) Gulbrandsen, Peter, Sales Engr., Sol- | State Dept. of Health, 425 Church Pree 
’ Gildewell, John D., Oper., Sewage vay Proc. Div., Allied Chem. & St., Clifton Heights, Del. Co., Pa Hs: 
| Trt. Pit., 1121 N. Adams, Topeka, oe Corp., Gilbride Rd., Martins- | (Pa.) gc 
| Kans. (Kans.) ville, N . (NJ) Hare, Robert, Partner, R. S. Brook 
» Edward S.. Publisher, “Wa- | Gustafson, V. M., Chem, Socony man Assoc, 259 Delaware Ave.. 
he “as Vacuum Oil Co., Inc., 1133 State Buffalo 2, N. Y. (N.Y.) 
Wabash Ave., Chicago, Ill. (Pa.) St., ) Harness, Albert P., Civ. Engr., d= 
Ches D suzman, Ramon, Aqueduct nings-Lawrence Co., 1392 
| Metre Dist. Comm. i Sewer Serv., Box 47, Rio Piedros Ave., Columbus 12, Ohio (Ohio) 
He 20 Somerset St., Boston, Mass. | P R. (P.R.) . Harris, Howard H., Mgr, N. Rose on 
he (New Eng.) Gwin, Bruce, Supt., Water Wks. burg San. Dist.. 159 Ke Pd) 
ile Glass, Curtis A., oe. Water Pit., _ Sheridan, Ark (Ark.) Roseburg, Ore. (Pac. N.W.) 2a 
Pawnee, Okla, (Okla.) Gwyther, Val, Cons. Engr, Val Harrison, H. L., Supt Dept. of 
4 Ch Gwyther & Co., 515 Gran- Sewage, Hope, Kans (Kk 
Glavey, Walter R., Mer. & em., ville St Vancouver’ 2. B. C ans.) 
Danville San. Dist.. P. O. Box Can. (Can.) | Hartmann, Eric P., Sales Mgr., Iner 
Ae 724, Danville, Ill. (Cen. St.) tol Co., Inc., 470 Frelinghuysen = 
~ Glenn, H. E., Prof., Eng. Exp. Sta., | Haddon, Roy P., 1815 Second Na Ave., Newark, N. J. (N.J.) Om 
Fi Clemson College, Clemson, S. C. tional Bank Bidg., Houston, Tex Harwell, Glen A., Clay Co., Health ae 
(S.C.) (Tex.) Dept., Liberty, Mo. (Mo.) 
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William R., Chief Oper., Sew 
Auth swcester City, N. J 


John K Tech. Dir., Peter 
Cort Rox 106, Gowanda 


M., Supt., Pen Haven 
‘ } Box 145 


Byron H., Mar., Pittsburgh 
Off., Diamond Alkali Co 


Clifford H Supvr. Civ 
L. A. Co. Engr. & Surveyor 
nd St Los Angeles 12 


Jerry A Ir Oper. Engr 
1 Air Force Base 540 
ferro Ave Tampa 4 Fla 


J \ Mur United Con 
Pipe Corp., P. O. Box 29 
m. Calif. (Calif.) 

Asa, Mfr. Agent, 17084 Com 
Dalla Tex Tex.) 

Harve ules Engr., Dorr 

4040 I n Ave Minneapoli 


A Oner Water & Sewer 
Cits 10622 Muscatine 


on, Charles, Supvr., E. I. du 

de Nemours & Ce Box 156 

and, N. J. (N.J.) 

Frank D., III, City De 
309 *rince St., Salis 

(Md.-Del 

ry Owner, Henry 

( N. Duke St 


H. K., Gen. Oper. National 


sum Co., 822 Sixth St.. Oswege 


Ingalls, Jame I Supt., Sewage 


26 B St., Couer d'Alene 


Charle R., San Engr 
& Emerson, 282 Gramercy 
Rock, N. J. (N.Y.) 


Boy's Training School, c 
Modlin, Steward, Eldora 


Great Lakes San Dist., c/o 
Shumaker, Spirit Lake, Iowa 


Ralph § Owner, Ireland 
Clear g, 1441 Genesee St 
1, N.Y.) 
William A., Jr., Oper., Sewage 
602 Jones St., Hollidays 


Edward J ee Internationa 
1 Ce 
) Wald Supt City Hall 
aldsburg, Calif. (Calif.) 
J. W Vice-Pre Moreland 


Drawer 2437-A, Spar 


tanburg, >. ‘ 


Jackson, Thomas F., Control Chem., 
Kilgore In Westerville, Ohio 
(Ohio 
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“ Hatheld, Richard, (he Southwest Higgins, Ted R Oper sewage Trt Hoyle, Po i 
Re Inst 1 Freeman Dr Sar Pit Mac Millan anitoriurr Che erage . 
Ar lex Tex ha Wast Pa NW N.J 
Manville Sales Corp., 430 40th St ewage Trt. Wh Fa Cooper 
Oakland 9, Calif. (Calif Auth., Box Fa ton, Pa 
Co 421 Ann t NW Grand Hill, Byard J., Clerk-T Colling Sanitation i 
Rapid Mich. (M wood, Ont Car ( Pensacola 
an Health Dept Concord, N. ¢ of Health 6 Ast t Ridgwa Branch 
a Pa. (Pa 0 Olive Pa ; 
we Hayn, Jorge, San. Ex Matagalpa, | Hill, Raymond, Asst. Pit. Engr., Sas Pa.) 
a Nicaragua (Fla.) Dist. of Ch 4601 W t Hughe , 
‘ Hayter Robert B Dir. of Put P Chicage i! Cen t Engr 
Vs Wks., City Hall, Paris, Tex. (Tex Hiller, David M., Stud., San. Eng 108 W 
Hecke 7, Caltor Engr lowa Washingtor Calif 
Juliana St.. Bedford, Pa. (Pa lowa City, Iowa (lowa H 
Heder ‘ Chief I Health Off Hink Kobert M 1 Jia 
Kull berg f \ asas entral Contra ar Vist 
1822 Mt. Diablo B Walnut Fla 
Creek, f. (Calif Hulber 
Heideger, Lawrence J pt., Sewage 
wi 1, Hittner, Herman J., Jr. Design Engr 
Warren Cx Pa. (Pa Sa Eng. Dept., A m 
America 776 Cook D Apt Hunt 
He dD ¥ Pittsburgh 34. Pa. (Pa me 
a Covington, Ky. (Ky.-Tenn.) Hoag, Lyle N.. Jr., A ( Engr Hunt : 
$520 Greenher na Calif Co 
Heinen, Cha Engr., Chry Calif.) 
= ler Corp., 12800 Oakland, Highland . 
Park 3, Mich, (Mich 1110 McKee, Houston | Jacinto 
t 1710 McKee uste acinto 
Heinz Co., H. J. Att: W. L. Hickey Tex. (Tex 
2 ‘ ex.) uston 1 lex 
Mer Winchester Branch Factor 
Winchester, Va. (Corp, Va Richard A., San. Eng Hunter Dalle E., Asst. Oper., Sew 
lyde ims & Assoc rt t 1400 Second St 
- sth St., Williamsport, Pa. (Pa Hunter, J. R Water & Sew 
Holeomb, A. Asst Sar De Witt State Hosp., P. O 
a Helwig George F Ir Waste Engr amet City Water Dept 620 Box 886. Auburn. Calif. (Calif.) a 
Sowes 119 Santiago Belgrade Ave.. Dalla Tex Tex Huppe Jack Conservation 
ampa 9 ( a.) ‘ 
Holden, Asst. San. Eng Produ ( Donaldson, San 
ale Hempt, Floyd G r. San Engr State Dept. of Health, Oklahoma Antor 1, Tex Dex ; 
tate Dept Health 718 Gram City, Okla, (Okla Hutch 
2 pian Blyd., Williamsport, Pa, (Pa Holl. Alfred 7 Por 
‘ ol Ifred ur ng Stark 
Henderson, G. R., Mgr., Sun Oil Co Oak 
td F O. Box Sarnia, Ont Canton. Ohi Hutct | 
un. (Cas 
Hollanc "nt ner igr | 
Metr Area G-l 49 Louis Ave PO. Box 137. Gainesville, Fle Huth 
Flin Mich Mich (Fla Huth 
Hennessey, John P.. Lab. Tech. | Hollenbach, Howard F., Asst. Sa Lanca 
O21) Engr., Dept. of Water & Pow Hutton, 
07 S. Broadway, |! Angeles 12 Cy 
Hennessy City Engr., 61 Calif. (Calif Kar q 
D wia St Sudbury, Que Car Holler. Albert Dir Chem. D 
(Ca Twin City Testing & Eng. Lab 
Henry, Charles J.. Assoc. Engr 2440 Franklin Ave., St. Paul 4 rt, 
id Nob Hill 9, Wash Minn, (Cen. St Idah 
Pac, N.W Holt , 
oltom hester \ Intermediat Ingull | 
24 herbrooke t Mon Pit 609 Ruby. Redondo Beac! Pl. 
oS treal, Que., Cas Can.) Calif. (Calif.) Inter | = 
nternational Nick ( In Att 
Pri Henry, Thomas §., Supt. of Sewer Homer, Bruce, see Sherwin-William Edward J. Isley, 67 Wall St., New a 
re City Hall, Cherryville, N. ¢ Co York 5, N. Y. (( N.Y.) a 
N.C.) Horton, Robert K un. Enegr., O1 lowa 
Bt. C., Design Rast, Giese Rivet Voller Weter 
Reg & Glace, Con Engr 1001 N Comm., 7236 Eastlawn Dr., ¢ low 2 
Front St Hart Pa. (Pa.) nat 7, Oh 0 lowa | 
Herda. Nicholas, Chief Pit. Engr., | Hood, C. K., Worthington Cor H 
Northville tate Hosp 41001 Harrison, N. J Assn low 
Seven Mile Rd., Northville, Mich Houck, B. I Sun Box vat} Irelan 
Mich Houston, Tex Tex Pipe 
Hernandex, Flor, Stud 115 Green House. E. 
ss: wood, Ann Arbor, Micl Mich.) ng Co., Box 1 ), Salisbury, N. ¢ Irvine . 
Herring, Frank | Oper., W. New Wk 
York, N. J unset Lane Howard, J. A., Engr. & Rd. Supt bu 
Tenafly, N. J. (NJ. Markham Twp., R. Gormley Isley 
Herwig Chester Investigator Ont., Can Ca N 
a State Dept. of Health, 231 North Howell, H. Weston, Carlon Product Ive m 
St., Meyersdale, Pa. (Pa Corp 4400 ewood Dr.. Cha H 
Hessel, Yngve, Cons, Engr., Vatten lotte, N. C. (NA Ivey 
Dy Lund agen 66 Howson, J. T., Supt., Water & Che 
Malmo, Sweden (Swede ers, 126 Union St., Westfield, N. 
oT Hickey, W. I see Heinz (x H. J (N.Y.) 
es Higgins, George |! Pres., Higgins Hoxworth, W. I ales Engr In- 
ae In Contractors, P. O. Box 2509 filco Inc., Box tratford, N. J 
Sarasota, Fla Fla.) (N.J.) 
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i Jaffe, Theodore, Asst. Prof., Civ. Eng Kifer, Louis D., Oper., Sewage Disp Lacy, Don, Dist. Engr., a Prod- lo ‘2 
r Dept Univ. of Fla., San. Res 22513 Nona Ave., Dearborn, Mich ucts Co., 827 Remington, Ft. Col ; Bult 
f Lab., Gainesville, Fla. (Fla.) Mich.) lins, Colo. (Rky. Mtn.) we ede 
| James, Charles E., Supt., Pocono | Killgreen, William S., Pres., Cenco, | LaFontaine, E. O., Twp, Engr., Ati- a 
| Manor Assn., Pocono Manor, Pa. Inc., 217 Lake St., S., Kirkland kokan, Ont,., Can. (Can.) ah 
he Pa.) Wash. (Pac. N.W.) Laird, John O., Asst. Supt. of Sewers liom 
|. 2 Jankell Philip, Civ San. Engr., | Kimball, L. Robert, Cons. Engr Brighton ey Dist. No. 2, 41? aoe it 
| e N. Y. City Dept. of Pub. Wks., Masonic Bldg., Ebensburg, Pa Linden Ave., Rochester 10, N. ¥ ia 
2075 St. Raymond Ave., Bronx, (Pa.) (N.Y.) 
New York 62, N. Y. N.Y.) Kimm, James W., Pub. Health Engr., | Lamb, James, Supt., Trt. Pu 
| Jeris, John S., Res. Asst. in San. | State Dept. of Health, State Office Cassopolis, Mich. ( Mich.) Pe 
Eng 15 Turner St Brockton, Bidg., Des Moines, lowa (lowa) “he 
| Lamont, John A.. Chem. Engr., Sin 4 
| Mas New Eng.) Kincheloe, Jack, Supt., Sewage & | clair Refining Co., Marcus Hook : rt 
| P Jernigan, Miller A., Supt., Water & Water Wks., City Halt, Hamilton, Pa. (Pa.) ‘get i 
fe Sewer Dept., Manchester, Tenn. | Tex. (Tex.) | Lancaster, Ralph, Supt., Bd. of Pub 8 * 
Ky.-Tenn,) King, Clarence ( Ener., Wiedeman | Wks, Box 404, Kearney, Nebr 
ig Johannes, C. A., Engr., State Dept & Singleton Co., Box 1878, Atlanta (Nebr.) fa: 
1s of Health, Rt. 1, Wyoming, Minn Ga, (Ga.) Landre, Paul, Proc. Chem., Scintilla os 
\ > Cen. St.) King, Richard, Prof., Civ. Eng., Ga Div., Bendix Aviation Corp., Sid Cray 
1o Johannessen, James J Oper., Sew Inst. of Tech., Atlanta, Ga. (Ga.) ney, N. Y. (Pa.) Pee. 2 
| tag t Bi, “ef | Kirch, George J Waste Control | Landuette, Kenneth H., Sales Engr 
Engr., Procter & Gamble Co., Plant Dorr Co., Barry Pl, Stamford 
Idaho (Pac. N.W.) Engr.'s Office, Ivorydale Cincin Conn. (Pa.) 
/ Johnson, Earl R., Asst. Mech. Supt., | nati 17, Ohio (Ohio) Lane, Lenox T., Cons. Engr., Lane & Beh 
I Klein, William H., Jr., Mayor, Mid- Lane, Cons. Engr., 81 Lorne St., 
water diesex Boro., Grant Ave., Bound S., Sudbury, Ont., Can. (Can.) 
», Calif. (Calif.) Brook, N. J. (N.J.) . 
Hamilton K Parker. | wes, Lanford, Carl C., Supt., Pub. Wks 
»hnson amilton arker, | Kle ww Ch Belt C Greer C. ($C 
{ill & Ingman, 1728 E. Madison, | | ) 
P. Box 10167, Dallas, T 
Seattle 22, Wash. (Pac. N.W.) (Tex. on allas, ex Langlosd eon Design Engr 
Johnson, Richard L., Engr., Black & Chester Engr., 700 Hope St., Pitts 
Veatch, Cons. Engr., 114 Pawnee burgh 20, Pa. (Pa) he 
St., Lawrence, Kans. (Nebr.) Parks Man valle y | Lanigan, Fermin J., Asst. Sanitarian 
: Johnson, W. H., Rep., Rockwell Mfz a City Health Bur. 44 Marshall St ee 
Co., Empire State Bidg., 350 Fifth Rochester 2, N. (N_Y.) 
Ave., New York, N. Y. (N.J.) Frank M.. Sales Tix. | Larkin, Kenneth H., 19 E. Gregory 
f Jones Cyril City Engr., City Hall West ‘Denville N J (NT) a Kansas City, Mo, (Kans.) ie 
Victoria, B. C., Can. (Can.) Lawrence, Walter B Tech. Dir 
Jones, David, Mgr., Charlotte Pit A ner Wi atic, Inc 3142 W. Mill 
: John Wiley Jones Co., 610 Me (Cen St , ve., enoygan, s Rd., Milwaukee 9, Wis. (Cen. St.) Cae 
Ninch St., Charlotte, N. C. (N.C.) Leas, Arnold M., Dir., Tech, Serv 
Jones, Drahn, Dir. of Pub. Wks Knopp tanley Wallac e & Ashland Oil & Refining Co, 1409 
P. O. Box 1622, Corpus Christi ). Box 175 hester Ave Ashland Ky 
Tex Tex.) J (Ky.-Tenn.) 
iss Jones, Edward L., Mgr., Wks. Lab., | Koch, V. W ‘ Mer., The Hubbard | [ee Clifford, Chief Oper., Prichard ae 
| Oneida Ltd., Oneida, N. Y. (N.Y.) Co San Fran Water & Sewer Bd., 213 First St 
Util. Ce 9160 N. Clarkson. Den oek er, ep., Pub elations Lee E. N., Pte Mer Armstrong 
or 16. Cole. (Rky, Arch. & Engr, | Cork Co., Box 351, Pensacola, Fla 
Judd, John R., Chem., Dept Pub ( ) (Fla.) : 
- Serv., 1625 Sunset Ave ansing ohler alter , San. Engr., State | Lee, Judson L., Oper., Sewage Disp ee 
: 15, Mich. (Mich.) Dept. of Health, 128 Herman Ave Pit., 615 King Stroudsburg i 
Julius, Carl J., Proj. Engr & ) (Pa.) 
lpr Osborne, 410 S. 14th Ave., Yakima Copp, Joseph P., Oper., Sewage Trt Lehman. Clyde F.. Supt., Waste Trt yee 
hes leveland 9, Ohio (Ohio) Falls, Wis. (Cen. St.) nm 
ee Kaplan, Herman, Asst. Engr., Tru Korbitz, William E., San. Ener., City Lehn, Martin L., Oper Sewage ao a, 
= bek Lab. of : E. Rutherford, 466 Hall, Cadillac, Mich. (Mich.) Naval Air Development Center ‘eh 
1a Berry Lane, Paramus, N. J. (N.J.) Kramer, Fred, City Engr., City Hall, Oak Ave., Neshaminy, Pa. (Pa.) 
ie Kase. J hn Oper., Southerly Sewage Neodesha, Kans. (Kans.) Lemoyne, Borough of, c/o K. B see 
Trt. 4911 W. 12th St., Cleve Krause. Mark C.. Cons. Ener.. 10 W Shanholtz, 343 Herman Ave, ; 
Ohio (Ohio) 4th St., Williamsport 10, Pa. (Pa.) Lemoyne, Pa. (Corp. Pa.) 
4 "CPR Buffalo Sewerage Auth., 91 Acad- Co., P. O. Box 3276, Tampa, Fla 
_ : emy Rd., Buffalo 11, N. ¥. (N.Y.) (Fla 
~ Krebs, Paul Partner, Polgaze & | Lentz, Grover T., Supt.. Water & 
St " Matteson I Bazenburg, Engr., 812 S. 27th St Sewer Wks., Hartsville, Tenn. (Ky 
Vall Birmingham, Ala. (Ala.) Tenn.) 
Kubala, John, Supt., Water, St. & Leonardson, A. W., Field Rep., Clay 
Conserv Auth 863 Bay St J 
Sewer, 300 Pecan West Tex Sewer Pipe Assn., Kinderhook 
Toronto On Can. (Can.) (Tex.) N.Y. (NY) 
feane, Lawrence Ibright 
Frie ~ Kuder, Charles H Ir. San. Engr Lenox, Stanley, Proj, Engr., Permutit 
\S Merry Way. Elkins Park, Pa. (Pa.) State Dept. of Health, 415 First Co., 4 Highland Dr., Livingston, aoe 
| Nationa! Bank Bldg., Greensburg N. J. (NJ) 
i Keating, R. J Mgr Ind. Wastes Pa. (Pa) aAieg 
Dept., Graver Water Conditioning Leuliette, Elmer, Sales , Uni- 
| Co 16 W. 14th St.. New York Kuykendall, KR. P., Sales Engr, In versal ¢ oncrete Pipe Co., 0. Box ve ee 
11 N.Y. fileo Inc 1105 S$. Main, Tulsa C, Kenvil, N. J. (N.J.) 
Kelley, O. L., Supt. & Oper., Sewage Lewis, Warren, see Longview-Lime 
i} Trt. Pit., 618 Madison St., Top Kyle, fF L., Celanese Corp. of Corp Bf 
penish, Wash. (Pac. N.W.) America, Rock Hill, C. (5.C.) Liersch, Otto G., Supvr., Filt, & 
Kelsey, G. W., B-I-F Industries, Inc., Kyzer, J. C., Supt., St. & Sewers Sewage Pit., Calif Prison at Fol died 
345 Harris Ave., Providence, R. I Orangeburg, C. (S.C.) som, 3932 St., Sacramento 17, 
( Assoc.) Calif. (Calif.) 
Kestner, Charles C., City Labseap, A. H., Sewer Engr, P. O Lind, A. Carlton, Mer , Proc Equip, 
bee Municipal Bidg., Harrisonburg, Va Box 659, Longview, Wash. (Pac Chain Belt Co., P. O. Box 2022, BERS 
} (Va.) N.W.) Milwaukee 1, Wis. (Cen, St.) Bike 
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il 
: Linotas, James A., see Sharp & | Marks, Sidney M., Cons. Engr., 61 | McDonald, H. F., Cons. Engr., Scott i 
Dohme Winslow Liberty, N. Y. CN.Y.) McDonald & Harrell, 3400 B Cap 
i Lium, E. L., Dean of Eng. Univ. of | Marr, John D., Jr., Engr. Metcalf | Bowie Blvd., Ft. Worth 7, Tex 
: N. Dak., College of Eng. Lib & Eddy, 1300 Statler Bidg., Bos ex.) 
i Grand Forks, N. Dak. (N. Dak.) ton, Mass. (New Eng.) McElhenry, George W., Dept. of Pub ‘ 
: Lloyd, Douglas I 2931 Amberst Marsh Amos B Chem Sewane Wks., San. Sewers, 824 Newark St | 
e if yuston, Tex, (Tex.) Pit Eldorado Refining Co., ‘El West Palm Beach, Fla. (Fla.) 
Ss Long, Earl, Bidg. Insp., P. O. Box Dorado, Kans. ( Kans.) McGovern, J. J., Asst Chief Chem . { 
os 44, Uxbridge, Ont., Can. (Can.) Marsh, Bernard L., Mar. & Sec., 2 Chem Div , Koppers Co., Inc i 
Longview-Lime Corp., Att: Warren E. 3rd St., Lewistown, Pa. (Pa.) O. Box 92, ils 
Lewis, Pres., 1717 Second Ave., S., | Martin-Parry Corp Att: I R 
Birmingham 3, Ala. (Corp. Ala.) Robitaille. 1455 Rd Toledo Mc Govern, Esso Standard Oil 
Gan 203. Gide Co., 1974 St. George Ave., Rah- HE 
rt 
> R. (PR | way, N. J. (N.J.) 
ucao, P. P.R.) Martin, W. ¢ see Moraine Paper 
‘ Lorenz, Orval E., Dist. Mgr., Chain | Co McGuire, D. E., Vice-Pres. in Charge 
Belt Co., 6115 Excelsior Ble | of Engr., Great Lakes Steel Corp., i 
sior, Bidg.. | Martindale, L. A., City E Cit 9. 
te Minneapolis, Minn. (Cen. St.) Bide “ri Dored x y og. ity Ecorse, Detroit 29, Mich. (Mich.) 
Loseth, Seius, Supt., Water & Sewers | ans.) McGuire, T. M., Mgr. of Util., Box 

Roslyn, S. Dak. (S. Dak.) ROP 296, Baya 267, Plymouth, Wis. (Cen. St.) 
Love, Pret Bow S441, Bellaire, | sisson, Karl M., Dir., Eavi | Got 
ex. (Tex.) ) M., ir nvironmenta ational ectric *roducts Corp 

| Serv Sta ep 14t > J 
Love, J. I jupt., Water & Sewerage, | H 14th St., Ambridge, Pa. (Pa.) 

: 1025 W. St. Mary Bivd., Lafayette, | : Pes McKenna, Joseph N., Sales Engr., 

te La. (La.) | Mason, William D., Asst. Supt., 359 Dorr Co., 610 Church St., Evans 

Lublin McGaughy & Assoc., Att Ave., Conshohocken, Pa ton, Til. (Ohio & Mich.) 
James A. Rives, 220 W. Freemason McKissick, L, Alan, Oper. Engr.. 
A St., Norfolk, Va. (Corp. Va.) ek Harry Supt Util., City Polk State School, P. O. Box 94, 
s¢ Lucoff, Julius, Supt., Water & Sewer, | Hall, Humboldt, Kans. (Kans.) Polk, Pa. (Pa.) 
an City Hall Ephrata Wash. (Pac Matthews, Douglas G., Asst Supt . | McKiveen, Paul C., Div. Engr., Pace 
a N.W.) Sewer Div., 3317 Olsen Dr., Cor Assoc., 53 W Jackson Bivd., Chi 
Ludwig, Joho H., USPHS, Div. Wa- | Christi, Tex. (Tex.) cago 4, Til. 
i ter Poll. Control, Rm. 4218, HEW Matthews, Kenneth C., Sales Engr McKnight, Dou : 
» ner., | McKni ouglas, Cons. Engr., 384 { 
jhe Bldg S., Washington 25, D. C Henry P Thompson Co., 1720 Sec- | S. Cotner Bldg., yond io Nebr 

(Fed.) | tion Cincinnati 37, Ohio (Nebr.) 
Lukas, Vincent D., San. Ener., Gen (Ohio) 

‘ner., G fcMurrs Combust E 
eral Electric 10 s Main Ave | Mayer & Co., Oscar, Att: John A St. 4 : 
8, N. Y. (N.Y.) 910 Mayer are Mad- | 1, Ont., Can. (Can.) 
unsforc esse V Asst. Prof.. San | ison is. (Corp. Cen. St.) 4 
ash McNeil, Joseph N., Mar., Harris Co 
a FW. Mayfield, Alle D., State Health Water Control & Improvement 
NW) Iiman as ac Dept ate Bidg., Phoenix Dist. No. 33, 3501 Coder, Houston 
Ariz riz.) 21. Tex. (Tex.) 
Mayne B. H., City Engr., City McPhee, Walter T., Assoc., Malcolm 
viayorga silber le em., wroug I 
Side Housactnide Pit., 7522 Ave Messe Rain Saleams 
MacChesney, John 2B Chem L., Houston, Tex. (Tex.) fea Ralph R H. 
Millard Lime & Stone Co., Ann- 
fs Oakite Products, Inc., 16 Hanford | McAllister. George F Jr., Engr ville. Pa. (Pa.) ‘ 
N. J. (N.Y.) ‘ We ich Gr ape Juice e Co Inc 3 100 Medloc R Field Rep., Grand 

acDonald, Edmund L., Jr., Fe N. Portage St., Westfield, N. Y 
Util. Dist., 1990 First Ave.. Wal 
| nut Creek. Calif. (Calif) R Mees, Quentin M., Asst. Prof., Civ 
4 i om Iniv j 
MacDonald, Raeburn W., San. Engr., Summer Eng., Univ. of Ariz., 721 N. Olsen, 
een State Dept. of Health, RFD 1! (Ky.-Tenn.) Tucson, Aris. (Aris.) Nee 
Augusta, Maine (New Eng.) McCabe. DeSot Merck & Co., Stonewall Pit., Att 
Macioce, Frank M., Proj. Engr., In- Revere. Eng. Co., 8340 W. Grand | ystoulfer, Supt. of Mig., Eis 
ch dustrial Filter & Pump Mfg. Co., Ave., River Grove, Ill. (Cen. St.) | oe — 4 a 
he 1821 S. Crescent Ave., Park Ridge McCal RS Ww e Messenger, Cloyce H., Engr., Sewage a 
are Ul, (Cen, St.) cCabe, J upt.. Water & Sew- Trt. Pit., Cedar Rapids, Towa ‘Sa 
ei. MacKenz D ld T D | age Pit., Jacksonville, Ark. (Ark.) (lowa) 3 
Commr., Nassau Co., Dept. of Pub | abe, Michael, Oper., Sew age Pit., | Messinger, Howard, Oper., 240 New 
a Wks., 284 Cherry Valley Rd., Gar- | evel Air Development enter York Ave., Egg Harbor City, N. J > aa 
den City, N. (N.Y.) | Jacksonville Rd., Hatboro, Pa (N.J.) 
(Pa.) 
* MacLeman, Everett I Asst P Met Hert H Civ. & § > 
st. Prof., | etz, rbert Civ. San 
#3 Dept. of Civ. Eng., Yale Univ McCallum, Gordon us 9009 Spring Engr., Oakwood Gardens, Apt. F-6, e 
W inchester Hall, 15° Prospect | ane, Chevy Chase, Md Lansdale, Pa. (Pa.) 
New Haven, Conn. (New Eng.) Michalko, Miss Anne, Chem. Engr., 
MacWhirter, W. B Cons. Engr wiclandiess E. upt Muni Fleischmann Distilling 
ae 1017 Cottage Grove, S.E.. Grand cipal Bldg ars, Pa. (Pa.) D. 2, Ossining, N. Y. (N ) aa 
Se Rapids, Mich. ( Mich.) McCollum, John A & Dir. F oreman Michel, Frederick A i! Sales Mer a 
ae Magnuson, F. J., City Engr., 624 5 A Bur of Sanitation Gaia “Water & Sewage Works,” 155 FE oe: 
Ave North Mankato (Calif Les Angeles alif 44th St.. New York 17, N. ¥ 
Minn. (Cen. St.) | on.) (N.Y,) a 
Se Main, W. H., Nichols Chem. Co., | Mc ‘ onsell H., see Sylvania Electric Middletown, ar! of, Dept. of Pub Pe 
ees 137 Wellington St., W.. Toronto. | Produc In Wks., Att ey W. Chumard, as 
a Ont., Can. (Can.) McCook, City of, City Auditorium, Commr., City Hall, Middletown, 
aps Mallard, James P., Jr., Civ. Engr McCook, Nebr. (Nebr.) N. Y¥. (Corp. N.Y.) a 
ay Dept. of Pub. Wks., 204 Academy | McCormick, E. D., Deputy Engr., | Mihalko, John, Asst. Oper., Manville en 
St., Roxboro, N. N.C.) of Toronto, ooksville, Ont., N. J. 
a Malone, Harold L., Acting Dir., Bur Can. (Can.) Millard, R. E., Supt., St. & Sewers, - 
Be of San, Eng, State Dept. of | McCracken, Roy, E. I. du Pont de Town Hall, Liverpool, N. S., Can ay 
ay Health, 3400 N. Eastern, Oklahoma Nemours & Co., Waynesboro, Va (Can.) ry, 
City 5, Okla. (Okla) (Va.) Miller, David R., Mgr., Daniel, 
Nee Manz, Glenn P., San. Disp. Corp McCune, W. A., Jr., Sales Mear., Mann, Johnson & Mendenhall, 4815 = 
12a 709 Capitol Savings & Loan Bldg Norton Co. of Can., Box 107, Sta Grand Ave., LaCanada, Calif on 
Lansing, Mich. (Mich.) “B,"" Hamilton, Ont., Can. (Can.) (Calif.) 
= 
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Miller, George, Plating Supt., Saranac | Muller, Joseph, Asst. Pit. Oper., 494 | Ober, Michael H.. Chief Chem., 
Mfg. Co.. 2039 44th St., Grand- s ean Ave., Freeport, N. ¥ Standard Paper Mfg. Co., First & 
ville, Mich. (Mich. (N.Y.) Hull Sts., Richmond, Va. (Va.) 
Miller, Lewis E., Camp Log Tavern, Murphy, Eugene T.. Mgr, Pump O’Brien, J. W., Supt., San. Dist.. 201 
Milford, Pike Co., Pa. (Pa.) Dept., Fairbanks, Morse & Co., 80 S. Orange Ave, Goleta, Calif 
| Mills, Kerry E., Pan American Re- Broad St., New York 4, N. Y (Calif.) 
if fining Corp., Texas City, Tex (N.J.) Ochler, Harlan E., Pit, Mgr., Culll- 
Tex.) Murphy, Henr F.. Asst. Engr gan, Inc., P. O. Box 431, San 
Mills, Warren F., Sales Engr., Worth- Maurice L iller, Cons. Engr, Bernardino, Calif 
| ngton Corp., 224 Townsend St., 2237 S. Shelby St., Louisville, Ky. | O'Hara, Joseph, Sewage 
San Francisco, Calif. (Calif.) (Ky.-Tenn.) Trt. Pit., 4148 M St’ Pilladeiph 
Murray, Richard F., Commr., Lake Pa. (Pa.) 
Millwee Robert M Cons Be 
} | $403 ‘Kirby Dee Houston, City Sewer Dist., 13740 27th St Ohio Apex, Inc., Att: Mearlin L 
ie Tex. (Tex.) N_E., Seattle, Wash. (Pac. N.W.) Sims, Asst. Pit. Oper., Nitro, W 
ie ' Murrill, Dabney P., Dist. Sales Ener Va. (Corp. W. Va.) 
Mimnall Se Ope Se Trt y 
Wks ‘Columbia, Pa (Pay Chain Belt 878 Ashby St. Ohl. Warren H., City Engr., Lock 
i Moff wit Op Pu. Cit N.W., Atlanta, Ga. (Ga.) Haven. Pa. (Pa.) 
[ offatt, Wilbur, Oper. of Pit.. City | ytuther, Robert W., Jr., Proj. Engr.. | Oliver, Gilberto. Box 194. Roosevelt 
Hail, ¢ ) Metcalf & Fddy, 37 Grosvenor Rd PR 
| Monaghan filliam A., Jr., Pro Needham, Mass, (New Eng.) Olson, C Seles Mer.. Oconee 
| Myers, I. G., Skelly Oil Co., Tulsa Clay Co., Box 
NJ Okla. (Okla.) 1548, Tampa, Fla. (Fla.) 
, | Myers, Luther G., Oper., Sewage Ordelheide, L. E., see St. Louis 
(Chie) _ Adams Co., Pa. (Pa.) Organ, Marjorie R., Clerk-Treas., N 
é | = 7% W. Edward, Chief Insp. & Burbank Pub. Util. Dist. Bd. of 
Montie, Leonard A., Drain. [Basin Mer., Disp. Pit., 740 E. Water Dir., 19244 D St., Oroville, Calif 
| Engr., State Committee on Water St., Lock Haven, Pa. (Pa.) |  ¢Calif.) 
Poll., Box 383, Green Bay, Wis 
is Cen. St.) | Myrom, Allen R., Chem.-in-Charge, | Ortiz, Pete i , Box 4789, San Juan, 
F. Oy Trt | Wilson & Co., Inc., Albert Lea, P_R 
oon ames ° Jpet., ewage r | Minn. (Cen. St.) Osborne, Dean, F., Supt. of Maint., 
| National Aluminate Corp., Att: 500 ‘16th St., Norfolk 
Mooney, Earl -, paw New Harvey E. Berg, 6216 W. 66th PI., 1, Va. (Va.) 
i} baumer, Clarke & Velzy, Inc., 785 | Chicago 38, Ill. (Corp. Cen. St.) Oske oh 
Bird Ave., Buffalo, N. Y. (N.Y.) wher, Ope, 


National Petro-Chemicals Corp., Att 1283 ‘Collinwood Ave., Akron 10. 


Moorhead, Frank D., Mech. Engr., W. Nixon, Chief Engr., Tech. | Ohio (Ohio) 


N. American Aviation, Inc., 4300 nical Library, Tuscola, Il. (Corp. | Oster, Irwin L., Asst. Engr., a 
E. Fifth Ave., Columbus 16, Ohio | Cen. St.) & Friel, Inc., 7104 Sor 
i Ohio) Neale, Alfred T., Field Engr., State Philadelphia, Pa. (Pa.) 
i} Moraine Paper Co., Att: W. C. Mar- Poll, Control Comm., 408 Old Cap- Otto, William E., Water Biol., L. A 
tin, W. Carrollton, Ohio (Corp 7 & Bidg., Olympia, Wash. (Pac Hyperion Sewage Trt. Pit., 2820 
\ Ohio) Beach Ave., Venice, Calif. (Calif.) 
i Morgan, Austin, Supt. of Sewers, Box | icin M. O., Neilsen Eng & Owen, Spaulding E., Commr. of Pub 
Ae 248, College Place, Wash. (Pac. | Machinery Co., Ltd, 285 St Wks., City Hall, Haverhill, Mass 
ie N.W.) Leonards Ave., Toronto, Ont., Can (New Eng.) 
is Morgan, James J., San. Engr., School (Can.) Oyler, James R., Tech. Dir., Knouse 
alk of Pub. Health, Dept. of Pub Nichols, C. H., Chem. Engr., Eng Foods Cooperative, Inc., Peach 
|. Health Statistics, Univ. of Mich., Corp. of America, 100 Quimby St Glen, Pa. (Pa.) 
i Ann Arbor, Mich. (Mich.) P. O. Box 209, Westfield, N. J 
| Morgan, John H., Supvr., Asbestos | (N.J.) | a Clay Products, 1255 W. 4th 
3 Pipe Dept., Atlas Asbestos Co., 79 | Nicklis, James A., Mfr. Rep., Wal Los Angeles 54, Calif, (Corp 
He Old Forest Hill Rd., Toronto, Ont., lace & Tiernan Co., Inc., 2742 e “alif ) 
i Can. (Can.) Tremont Rd., Columbus 21, Ohio | Painter, Robert A., Div. Engr., Div 
, 7 | (Ohio) of Sanitation, Fairfax County, 506 
Morgan, John J., Asst. Maint. Engr. | 
| Clarks Summit State Hosp. Clarks | Nicolosi, Santo §., City Engr., Rm N. Jordan St., Alexandria, Va 
Summit, Pa. (Pa.) | 301, City Hall, 200 Common St (Va.) 1. Chet Gee 
| . . Lawrence, Mass. (New Eng.) Pallette, Robert Chief Oper., 
i Moris John A., City Engr., City | ' 
| Hall, Rm. 803, Oakland, Calif. | Niles, Charles F., Jr., Engr., Sewage age & wo eee — 
Calif.) Trt. Pit., c/o City Engineer's Of ) 
fice, Muncie, Ind. (Cen. St.) *almer, *harlie res., enn 
il City Engr., Oswego, Instrumentation Co., Inc., P 
Morris, Richard E., Jr., Chief Engr., t 
his City Water Wks., 3448 Kellogg | Nixon, Richard, Supt., Sewage Trt . ; . 
Ave., Dallas 16, Tex. (Tex.) Pit., Hastings, Mich. (Mich.) Ft. Col 
w 
| Morris, Robert H., Mueller Co., $12 | Noel, James S., Pub. Health Engr Paradiso rot C r 
iP Ww St., Decatur, 1. | Div. of Health, Dist. No. 1, 125 | 
ie Assoc.) ; W. 3rd St., Cameron, Mo. (Mo.) Kalamazoo, Mich. (Mich.) 
He Morrison, George E ; Supt. of Util., Noftsker, Paul B., Supt. Municipal Parlett, John G., Sales Engr., United 
ib Kimball, Nebr. (Nebr.) | Bidg., Shippensburg, Pa. (Pa.) Concrete Pipe Corp., 2005 Fletcher 
| Morrissey, Richard A., San. Engr., | Nordmann, Joseph B., Dir., Pacifx Ave. S. Pasadena, Calif. (Calif.) 
HP Naval Air Development Center, 411 Chem. Cons., 14203 Bessemer St.,  pParronchi, Anthony, Supt., Sewage 
Continental Rd., Hatboro, Pa Van Nuys, Calif. (Calif.) Trt. Pit., 10 LaGrange St., Rari 
(Pa.) Norman, Eugene, Asst. Oper., Sewage tan, N x, oe 
| Moses, Fletcher E., Supt. of Water, Pit , N. ¥. Cit Dept. of Pub Parrott Li , Supt. of Util., 
Box 111, Kenedy, Tex. (Tex.) Wks 113-33 19 th St St. Albans (Ga ) 
He Moyer, Lawrence M., Supt. of Sew 12, New York, N. Y. (N.Y.) Patchen & Zimmerman, Engr., 525 
} ers, 406 N. Matket St., Mechanics- | Norris, C. F., Field Engr., Fischer & Telfair St., Augusta, Ga. (Corp 
i burg, Pa. (Pa.) Porter (Canada) Ltd., 997 Decarie §.C.) 
} Mullen, James M., Oper., Sewage Bivd., Montreal, Que., Can. (Can.) pauj, Frank J., Oper., Sewage Trt 
t Trt. Pit., 700 W. Main St., Pensa- | Nute, J. Warren, Civ. Engr., 1240 Pit. Wankah Sewer Dist., 70 Co 
cola, Fla. (Fla.) Fourth St., San Rafael, Calif lumbia Ave., Hamburg, N 
Calif.) (N.Y.) 
Mueller, Peter, Res. Asst., Dept. of 
Sanitation, Rutgers Univ., 535 | Nuzum, Charies T., om & Paul, Frederick C, Chief Chem, 
Davidson Rd., Univ. Heights, New Finishing, Zippo 7 Hudson Corp., Pa- 
Brunswick, N. J. (N.J.) Brown Ave.. Bradford, a (Pe) latka, Pla. (Fla 
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Paulson Dor Supt Sewage Trt 
Pit., 812 Euclid St., Rt. 3, Shel 
ton, Wash. (Pac. N.W.) 

Payne, Marvin O., Engr., Util. Bd 
P. O. Box 638, Springfield, Ore 
(Pac. N.W.) 

Peace Lewi W Chief Oper 
Muckinipate Auth 2017 Carter 
Rd., Foleroft, Del. Ce Pa. (Pa 

Pearce, Richard W., Mer., Chlorinizer 
Sales, B-I-F Industries, Inc 45 
Harr Ave Providence R I 
(New Eng.) 

Peck, T J City Engr Rt. 4 
Smyrna, Ga 

Peffer, William, Oper Sewage Trt 
Naval Air Development Center 
New Hope, R. I dD Pa. (Pa.) 

Peirson, Frank L., Sales Engr.. L. A 
Chem. 1960 §. Santa Fe, Los 
Angeles 12. Calif. (Calif.) 

Peletz Harold P Peletz Co 
In 1236 ¢ tral Ave Santa 
Rosa. Calif. (Calif) 

Pennel, John W., 20? F 
4th Panama City, Fla. (Fla 
Pepe, John J.. A 1. W. Droke & 
A P ©. Box 27463. Houston 

Tex 

Perkir Chartes Mer (til, Bd 
Harriman. Tenr (Ky -Tenn.) 

Perrugs F. F Roro. Engr., Plaza 
Bids. Fairlawn, N 

Peter, W. G., Sales Engr Braun 
Corr 15th St Los 
Angele 1. Calif Calif) 

Pete Albert 1} ber Albert F 
Pete 16 N. 9th Ave 

ran Pa Pa 

Peter John HA Engr., Nassau 
Co. Dept. of Pub. Wk 79 Decker 
Ave., Merrick, L. L., N. ONLY.) 

Peterson. A Ger Engr torden 
110 Hudson New York 13 
(Pa 

Peterson, Ha 1 W Insp West 
minster ation Dist 7605 
Lowell Blvd Box 60 Westmin 

ter, Cole Rk Mtn.) 

Peterson, J. R., Cit an. Engr., 376 
City & County Bide Denver ? 
Colo. (Rky Min) 

Pfeil, Bernhard H., San. Chem., Di 
of Lab. & Re State Dept. of 
Health, New § and Ave Albar 
1, N. ¥. (N.Y.) 

Phelps, Wylie P., Pit. Mer., Mesho; 
pen Creamery Co., Meshoppen, Pa 
(Pa.) 

Phillips, Cornelius W Engr Hay 
den, Harding, Buchanan, P. O. Box 
46, Fall River, Ma New Eng.) 

Pierson, Rex Chief Chem., State 
Water Comm., Charleston, W. Va 
(W. Va.) 

Pingry Dist Sales 
Chain Belt Co., 1100 E. Holcombe 
Blyvd., Rm. 717, Prudential Bldg 
Houston, Tex Tex.) 

Pinnick, Royal M., 854 N. Gladstone, 
Indianapolis, Ind. (Cen, St.) 

Piper, R. E., Supt., Pub. Wks., P. O 
Box 191, Manteca, Calif. (Calif.) 

Pittsburgh Coke & Chem. Co., Att 
W. F. Saunders, Dist. Sales Mar., 
816 W ith St Los Angeles 17, 
Calif. (Corp. Calif.) 

Platte Valley Cement Tile Mfg. Co 
Box 29, Fremont, Nebr. (Corp 
Nebr.) 

Plum, Svend, Civ. Mich 
Assox Cons. Engr., 4612 Wood 
ward Ave., Detroit 1, Mich 


( Mich.) 


SEWAGE AND INDUSTRIAL WASTES 


Polkowski, Lawrence B., Stud., Univ 


of Wis., Apt. 34-B, Univ. Houses, 
Eagle Height Madison 5, fis 
(Cen. St.) 

Pollock, Joseph | Foreman, Water 
& Sewage, 120 W. 2nd St., Miamis 
burg, Ohi Ohio) 

Porter, Howard | Sec.-Treasurer 
E rdan ing Co Box 96 
I ordar Mict Mich.) 

Posey { I rt Sewage Trt 
City of W. University Place, 3800 
Univer sity Blvd Houston $5, Tex 
(Tex.) 

Potter, A. D tate Health Dept 
412 E. Fifth, Austin, Tex. (Tex.) 

Potter, Henry N.. Ex Vice-Pres. & 
Gen. Mar Deartx Chem. Ce 
Ltd 2454 Du t Ww I 
ronto, Ont Can. (Can.) 

Potthoff, E. O., Gen Electric ( 

1! River Rd ectady N. ¥ 
Assoc ) 
Pousette, Karl-Evert Civ Engr 
istriktsingerjorskontoret Tingva 
lagatan Karlstad Sweder 
Sweden) 

Pow Adam J] Jr Field Engr 
Eimeo Cort 4008 Purdue St 
Houston Tex Tex.) 

Powell Richard Chief Chem., 
spencer Chem. P. O, Box 278 
Henderson, Ky. (Ky.-Tenn.) 

Power, Howard, Pr Flexible Sales 
Corp si W Jefferson Blvd 
Dallas, Tex. (N.J.) 

Powers, A. J., Dir., Quality Con 
trol, Borden ( 110 Hudson St., 
New York, N. Y N.J.) 

Pownall, L. H American Vi € 
Corp 

Prather, B. Vail, Chem., Mid-Conti 
nent Pet. Corp., 1222 S. Darling 
ton, Tulsa 12, Okla. (Okla.) 

Preston, David | san. Engr., Water 
Pit., City of Miami, P. O. Box 6 
Hialeah, Fla Fla.) 

Price, Chester I Asst. Supt., Pub 
Wks. Bd., 2620 Lebanon, El Paso 
Tex. (Tex.) 

Price, Philip J., Supt., Sewerage Sys 
tem, Borough Hall, Columbia, Pa 
(Pa.) 

Purvis, V. O., Cor Engr., Pitts & 
Bryant Ce Inc 63 Pyramid 
Bidg., Little Rock, Ark Ark.) 

Quelrolo, Robert Ind. Chem 
Salesman, Stauffer Chem. ¢ 636 
California St in Francisco, Calif 

Calif 

Quilliam, Enoch ul City anita 
tion, 601 Center Washingt 
Ind. (Cer t 

Rampone, Frank an. Engr 7 
Dickersor Ave N Provider 
R. I New Eng 

Rands, Jabez fF Supt Pub. Util 
Comm Box 145. Clinton. On 
Can La 

Rankin, Georg \., Eng Sewer & 
Water, Twp I it Rudar 
Rd.. Cook Ont Can Can.) 

Rau, Charlies wee «Selinsgrove, 
Borough of 

Raye, Daniel J 1560 S. Madison 
Ave., Clearwater, Fla Fla.) 

Reamey, H. K., I Engr., Reynolds 


Metals Co., Arkadelphia Ark 
Ark 
Sewage Pit., 
Ore (Pac 


Reed, Clifford D.. Supt 
City Hall alem 
N.W.) 

Reed, Verne, City 
Moat. ( Mont.) 


Engr., Livingston, 


March, 1955 


Reese, Herman B., Field Engr., State 
Dept. of Health, Kirby Health 
Center, Wilkes-Barre, Pa. (Pa.) 

Reeve, Lester G., Oper., Sewage Pit 
Naval Air Development Center 
09 Loney St., Philadelphia 11, 
Pa. (Pa.) 

Regan, C. J Briarlea,” 3 Beech 
wood Ave trighton 6, Sussex, 
Eng. (ISP) 

Rehler, Joseph E., 2303 N. Burling 
ton St., Arlington, Va. (N.Y.) 
Reid, James H.. Cons. Engr.. 18620 
4th Ave W., Edmonds, Wash 

(Pac. N.W.) 

Reinhold, Daniel G Stream Biol., 
Dept f iv. Eng Pa. State 
Un State College, Pa. (Pa.) 

Reish, Donald J., Res. Investigator 
Dept. of Zoology, Allan Hancock 
Foundation Univ of Southern 
Calif Lo Angeles 7 Calif 

Calif.) 

Rennau, Claude E., Commr. of Wa 
ter, 81S 10th St Aurora, Nebr 
Nebr.) 

Renta Jose K. Clase Box 7433 
Santurce, P. R. (P.R.) 

Reynolds, Earl C., Jr., Cx rnell, How 


land, Hays & Merryfield, 222 Idaho 
V.) 


Bidg., Boise, Idaho (Pac. N.V 

Rhoads, Guy A., Mer., Mun. Util 
afford, Ariz. (Ariz.) 

Rice, Clifton L., Prin. Oper. Engr 
Water Dept., Morrison Field Army 
Air Base, 714 Claremore Dr.. W 
Palm Beach, Fla. (Fla.) 

Rice, Harold A., Pit. Engr., Diesel 
) General Motors Co., 2100 
Burlingame Ave S.W., Grand 
Rapids, Mich. (Mich.) 

Rich, F A, City Engr., 206 Van 
Buren, N.E., Camden, Ark. (Ark.) 


Richard, Joseph, Supt 


of Util., Mor 
gan Heights T. B 


Sanitarium, Mar 


quette, Mich. (Mich.) 

Richardson, Charles G Vice-Pres., 
B-I-F Industries, In $68 Harris 
Ave., Providence 1, R. I. (New 
Eng.) 

Ridge, William G., City Engr., City 
Ha Anoka, Minn. (Cen. St.) 

Ries, Erhard, Relief Oper., J. N 
Adams Memorial Hosp., Main § 
Perrysburg, N. Y. (N.Y.) 

Rigby, Lawrence I an. Engr., F 
G. Browne & Assox 3484 Olney 
Ave Marion, Ohio (Ohio) 

Riggle, J. David, Sales Engr., Fischer 
& Porter Co 151 Park St., St 
Albans, W. Va. (W. Va.) 

Kinehimer, Charles R., Pit. Engr 
Natona Mills, In Dallas, Pa 

Pa.) 

King Walter ( Jr Supvr. of 
Lat Philadelphia Water Dept 
4517 Conshohocken Ave., Philadel 
hia 21, Pa. (Pa.) 

Riordan, John M Pre Industrial! 
Materials Co., Somerset St. & Tren 
ton Ave., Philadelphia 4 Pa 
(ND) 

Rister, Joe E., San. Engr., Electric & 
Water Systems 1S E. Broadway 
Mayfield, Ky Ky.-Tenn.) 

Rithander, Bertil, Chief Engr., Stads 
Vattenverk, Eskilstuna, Sweden 

weden 

Rival, Armand P., Maint. Man, Sew 
age Trt. Pit., 10 S. Brett St., 
Beacon, N. Y. (N.Y 

Rives, James A., see Lublin, Mec 
Gaughy & Assoc 

Roads, George M., Jr., San. Engr., 
State Dept. of Health, Harrisburg, 
Pa. (Pa.) 
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Robbins, W. A., Sr., Chief Engr., | Ryckman, DeVere W., Asst. Prof., | Sees, William E., Jr., Cons. Enagr., 
sf Dan River Mills, Inc., Danville, | Civ. & San. Eng., Mich. State Col- State Chamber of Commerce Bldg., ee 
i Va. (Va.) lege (on leave), 206 Westgate 222 N. 3rd St., Harrisburg, Pa ie 
Roberts. Dan T., Sales Mer., Schwartz West, Cambridge 39, Mass. (New (Pa.) ap 
P. ©. Box 4218, Corpus | Segesser, E. R., Sr. Pub. Health 
4 Christi, Tex. (Tex.) Engr., State Dept. of Health, 2727 3 : 
a Saarinen, Arthur W Jr, Cons Summit Terr., Linden, N. J. (N.J.) 
Robinson, John H., Cons. Engr., | E i016 NE. 7th Av Ft - i 
Black & Veatch, 4706 Broadway, | 7 Selinsgrove, Borough of, Att: Charles 
\ Kansas City, Mo. (Kans.) | Lauderdale, Fla. (Fla.) F. Rau, Commr. of St., 412 N = 
‘| " Sam P.. § S 7 Saint Louis Metro. Sewer Dist., Att Market St., Selinsgrove, Pa. (Corp aa 
Robinson, am ewage Trt L. E. Ordelheide, 506 Olive St Pa.) 
St., Lake Wales, Suite 201, St. Louis 1, Mo. (Corp. Serraballs, Jose A., Box 1948, San 
obitaille, L , See Martin-Parry | « Mi ¥ ist. San. F 
| Rodenburg, George B., Proj. Engr., N. Dak. (N. Dak.) mellia Dr., Palo Aito, Calif it 
(ae) E. Camden, | Salvatorelli, Joseph J., Engr Al (Calif.) 
ucson, Ariz riz bright & Friel, Inc., 1131 Angora | chand Douglas W.. Di ext 
7 : ist. Sales Mar., 
j Rodgers, W. A., Oper., Water, Sewer Ave., Yeadon, Pa (Pa.) Darling Bros., Ltd.. $3 Prince fd: ps : 
& St.. P. O. Box 137, Jacksboro, | Sampson, Edward O., Chief Oper ward Ave., Valois 33, Que., Can ae aR 
Tex. (Tex.) | Sewage Disp. Pit., P. O. Box 30 (Can.) 
Oc ide, Calif. (Calif.) ere. 
Rodriguez, Henry, Box 561, Roosevelt, eansx Shanholtz, K. B 
Rodriguez-Diaz, Alberto _J., Civ Sharp & Dohme, Div. of Merck & 
Fner I rbanizac ion Pinar, | Co., Inc., Att: James A. Liontas, 
Avenida “B’'—Ouinta Lourdes, | Santiage, Felex, P. R. Aqueduct & Wastes Control Engr.. 640 N mea 
| Caracus, Venezuela, S. A. (Ga.) oxy ate Auth., Guayama, P. R Broad St. Philadelphia, ‘Pa (Corp a 
Rogers, Ernest H., Instr.. Univ. of a 
Wash. Rt. 4, 23631 Fifth, W., as Box 451, Vega Shattuck, John Supt. of Tannery, 
Bothell. Wash. (Pac. N.W.) aja, ; Gunnison Brothers, Inc., Girard, Be 
a Rogers, Glen A., Oper., Sewage Trt. | Saunders, W. F., see Pittsburgh Coke | Pa. (Pa.) Pa 
Pit.. 618 E 3rd St., Grandview Chem. Co Shaul, Clarence, Supt., Sewage Trt 
Wash. (Pac. N.W.) Savage, William T., Py . Engr , Al- Pit., Hot Springs, S. Dak. (S te 
Rogers, Vernon E.. Chem, N.Y. & | Dak.) 
Pa. Co., 3154 Cobb St., Johnson- (Ps ve., Hadelphia Shaw, F. J 534 Lightwood Rd 
burg, Pa. (Pa.) | Longton, Stoke-on-Trent, Staffs. 
i Romney, Charles, Box 546, Caguas, | Schatz, Robert | Eng. (ISP) 
| P. R. (P.R.) Pa. (Pa) ashington | Shaw, J. see Associated Industries 
Ronhovde, I. N., Chief Instr., Water | of N. Y. State, Inc 
& Sewage Training, Tex. A & M F J Mer Shaw, Leland, Supt., Sewage Trt 
College, Eng. Ext. Serv., Box 236 cntamer Pit., Baraboo, Wis. (Cen, St.) 
F. E., College Station, Tex. (Tex.) | Jacksonville 1, Fla. (Fla. 
Sche A Devel | Shaw, Samuel S., Dir., Camp Green 
Ronvaux, A. J., Sales Engr.. Wallace | erne F Lane, 121 S. Broad St., Philadel 
{ & Tiernan Co., Inc., 62 Huntsville Mundelein Til. (Con. | phia, Pa. (Pa.) 
| ood, Nathan "res., Nort ade | orter Co., 224 Hillerest Rd, 
Water Co., 4217 Ponce de Leon | Sc Needham 92, Mass ) 
| ooney t. Ener., Auto-Lite | Mfg. Co., 203 Hampshire St., In 
| ‘Carp Mich | Schmidt Lawrengs Chem. | Orchard, Mass (Assoc 
j (Mich ) anamid & Dye Corp., 40 Rector | Shelby, Everett C., N. Lamar St., Sites 
Roots Blower, Att F.F St., New York 6, N. ¥. (N.Y.) | Weatherford, Tex. (Tex.) 
, + Schmitz, Andrew Proc, Develo Shelly, U. Elmer, Supvr., Boro., 117 j 
Chic - 3, IN. (Corp. Cen. St.) ment Dept.. C Co. Main St., Souderton, Pa. (Pa.) 
Rowe. Themes A 630 Flushing Ave., Brooklyn 6, | Shemelia, Russell D., Maint. Foreman, 
Co Chics N. ¥. (N.Y.) Burlington Co. Mental Hosp., 29 
I 20'Ill (Cen. St)” | Schofield, Ellwood M., see Bishop & | nn St., Pemberton, N. J 
] Co., J | ) 
| C., see Roseberry & Schooley, William A., Dir. of Maint | Sheppard, C. R. M., Plt. Mgr. 
& Constr., State Dept. of Welfare, | Fenole Chem. Co, 248 Riverside 
oF pei c Laurelton State Village, Laurelton, | Ave., Jacksonville 2, Fla. (Fla.) 
oseberry Delaware Ave. | Pa. (Pa.) Sherwin-Williams Co., Att: Bruce 
Kenmore 17, N. Y. (Corp. N.Y.) | schuchman, F. E., Homestead Valve | Homer, 101 Prospect Ave. N.W., 
it Ross, EF dward Supt., Sewage Trt Mig. Co., Box 348, Corpaopolis, Cleveland 1, Ohio (Corp. Ohio) en 
i Pit ., 318 Pine St., Danville, Pa Pa. (Assoc.) Shinton, R. H., Civ. & Mining Engr., Ree 
] ° Scioneaux, Herman J., Supt., Sewer- 106 W. Bertsch St., Lansford, Pa bs 42. 
Ross, A Poster, Haner & age Dist. No. 2, P. O Box 10205, (Pa.) 
|: Assoc., 220 S.W. Alder St., Port- Jefferson Parish, New Orleans, La. | Shrode. L. B.. Staff En A Ba" 
Fs land 16, Ore. (Pac. N.W.) (La.) Co. of America, P. O. Box 221, 4 
|. Rosson, H. B., Serv. Engr., Infilco | Scisco, Clifford, Oper., Sewage Trt Wenatchee, Wash. (Pac. N.W.) be es 
| Inc., P.O. Box 2417, Little Rock, | Pit., 20 Tucker Dr., Neptune City, | Shroyer, David K., Sales Mgr., H bee 
IF Ark. (Okla.) | N. J. (NJ) E. Millard Lime & Stone Co., Ann- i 3 
Ruby. Ww Ener. Acme Scott, Thomas M., Supt., Sewers & ville, Pa. (Pa.) 
imestone Port Spring, Sewage Trt., 1220 Oregon St, Shults, Tom, Supt., Water & Sew 
Va. (W. Va.) Bakersfield, Calif. (Calif.) (Tex ) 
it Rush, R. H., Supvr., Water Filt. Pit., | Scrivener, Ray, Jr., Sales Engr, | Sigler, John E., Ind. Wastes C gig 
P. O. Box 668, Greenwood, §. C. | Alan A Inc., 3122 W. Clay Little Miami oom. 
we Trt. Pit, 
{ (S.C.) St., Richmond, Va. (Va.) Kellogg & Wilmer Ave., Cincinnati, aN 
Russek, Ed., Proc Engr. Sealite, Inc., Att: Reed C. Ferguson Ohio (Ohio) 
{ Corp. of America, P. O. Box 148, 8925 San Leandro St., Oakland, Silliman, Donald W., Engr., Water & “ti 
| Bishop, Tex. (Tex.) Calif. (Corp. Calif.) Sewage, City Hall, 
Jess L., Fla. | Searcy, Howard L., Stud. Oper., Sew Can, (Can.) 
“lt ( Russell & Axon, Cons. Engr., age Trt. Pit., Univ. of Fla, P. O Simmerson, James M., Civ. En me ae 
{ P. 0. Box 1431, Daytona Beach, | Box 3508, Univ. Sta., Gainesville, P. O. box 85, Jacksonville, fis’ os 
Fla. (Fla.) | Fla. (Fla.) (Pia.) 
| 


iy Hall, Vancouver, Wash 
iW.) 
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Spross, Spencer A., Prod. Asst., Prod 


& Quality Control, J William 
Horsey Corp Plant City, Fila 
(Fla.) 

Sprout, Charles L., Chairman & 
Supvr. of Operations, Muncy Mun 


Auth., P. O. Box 295, Muncy, Pa 
(Pa.) 

| Stadsingeniorens Direktorat, Raad- 
huset, Copenhagen V, Denmark 
(ISP) 

Standard Oi) Co., Att E. Cahoon 
P. O. Box 182 Wood River, Il 
(Corp. Cen. St.) 

Stapleton Kenneth K., Cons. Engr., 
cashes & Stapleton, 313 W. State 

, Jacksonville, Til. (Cen. St.) 
Robert H Sales Ener., 
orthington Corp., Box 121, Eden 
N. ¥. (N.Y.) 

Starr, Richard W Jr., Jr. Pub 
Health Engr., Erie Co, Health 
Dept., 440 Bird Ave., Buffalo 13 
We 

Stauff, John H., San. Engr., Head 

i man, Ferguson & Carollo, 2168 
Shattuck Ave., Berkeley 4, Calif 
Calif.) 

| Steel, Arlie, Rt. 1, Box 57, Morris, 
Ala. (Ala.) 

Stegeman, Paul upt. of Util., City 
Hal! Midland, Mich. (Mich.) 

Steigerwalt, Herbert ¢ Oper., Sew 
age Trt. Pit., 319A Rosemont Ave 
New Cumberland, Pa. (Pa.) 

Steiner, Charles, Asst. Oper, J. N 
Adams Memorial Hosp., Box 16, 
Perrysburg, N. Y N y ) 


| Stephens, Carroll, see Arrowhead Lime 


& Chem. Corp 

Stephenson, Junius W., San. Engr 
Havens & Emerson, 134 Pearsall! 
Dr., Mt. Vernon, N. Y. (N.Y.) 

| Sterling, Clarence I., Jr., Engr., State 
Dept. of Health, S11A State House 
Boston 33, Mass. (New Eng.) 

Stogner, Albert, Supt., Water & Sew- 
age Trt. Pit., Box 104, Hartsville, 

Stolsig, J A.. Supt Sewage Trt 
Pit,, 13 Eaton St., Lebanon, Ore 
(Pac. N.W.) 

Stone, Wirt J ulesman, B. Preiser 
Co., Inc., 416 W. Washington St., 
Charleston 2, W. Va. (W. Va.) 

Stoner, J. H., see Art Metal Works 
ne 

| Storey, J. B., 


Boro. Engr. & Surveyor 
(ISP) 


19 Tower St., Ipswich, Eng 


Stouffer, 8. A., see Merck & Co 

Strohmier, Charles W 
age Pit., Naval Air 
Center, Richboro, Pa 

Strong, Erwin R., Jr., 
Southwest Res. Inst., 
Dr., San Antonio, Tex 

Stuewe, Burlyn H., Asst 
State Bd. of Health, 
Dr., Speedway 24, Ind 

Stutts, K. V., Mar., Harris 
Control & Improvement 
1136 Hollywood, Houston 15, 
(Tex.) 

Stutz, Charles L., Res 
of Kans. Mun 


Oper., Sew 
Development 
(Pa.) 

Res. Engr 
215 Hillwood 

(Tex.) 
E.ngr., 
Patton 
St.) 


San 
1905 
(Cen 
Co. Water 
Dist. 36, 
Tex 


Assoc., League 
512 Capitol-Federal 
Bldg., Topeka, Kans. (Kans.) 
Stutz, Joseph J., Maint. Man, Butler 
Cooperative Egg Auction, Inc., P 
O. Box 470, Butler, Pa. (Pa.) 
Suderburg, Ted, Engr., City 
Div., 4200 S.W. Vermont, 
land 19, Ore. (Pac. N.W.) 
Super, Wallace F Asst. Chief Chem., 
itrogen Div., Allied Chem. & Dye 
Corp., P. O. Box 61, Hopewell, 
Va. (Va.) 


Port 


| Tatham, 


Sewer | 


March, 1955 
Svensson, Gunnar, Engr Kruger 
Ljungman AB, Box 3043, Stock - 


holm 2, Sweden (Sweden) 

M. E., Oper., Trt 
Kenesaw, Nebr. (Nebr.) 
Sweze Donald H., Supt. of Water 
W akefield, Kans. (Kans.) 


Swift, Joe V., Sales Engr., Dorr Co., 
7S Eighth St., N_E., Atlanta, Ga 
(Ga.) 


Sylvania Electric 
H. McConnell, 
825 Lexington 
Corp. Pa.) 

James M 

Ave 


Products, Inc., Att 
Plating Foreman, 
Ave., Warren, Pa 


Symons 
wood 


N.Y.) 


Stud., 86 Edge 
Larchmont, N. Y 


Taft, Walter D., Jr., Sales En 
Dravo Corp., Suburban Sta. Bi 


Philadelphia 3, Pa. (Pa.) 

Tait, W. S., Engr., Dept. of Nat! 
Health & Welfare, 207 Scientific 
Bidg., 4254 Portage Ave., Winni 
peg, Man., Can. (Can.) 

Tandy, N. A., Asst. Supt., Ozark 
Mahoning Co., P. O. Box 449, 


Okla 
Ta pan, John J 
‘ks Borough’ pike 
Pa. (Pa.) 
Tarlton, Morris, Chem., Sewer Dept., 
Concord, N. C. (N.C.) 
Paul L., Dist. Rep., Se 
Sewer Pipe Assn., Inc., 322 § 
man St., Granville, Ohio (W. Va.) 
Tavis, Manuel, Attendant, Sewage 
Pit., 1435 Orchard, San Leandro, 
Calif. (Calif.) 


Taylor, M. F., Supt., Water & Sew- 
age, Lockheed Aircraft Corp., Rt 


) 


ver., Sewage Trt 
, Clarks Green, 


Tulsa 


2, Smyrna, Ga. (Ga.) 
Templeton, W. E., 14 Hillhead Cres- 
cent, Jerviston, Motherwell, Lan 


ark., Scotland (ISP) 


TerBurgh, Fred, Kalamazoo News 
table Parc hment Co , R. F 1 
Augusta, Mich. (Mich.) 


Thacker, Henry R., Grad. Stud., San 
Eng., 704 N Main St., Blacks- 
burg, Va. (Va.) 

Donald Me Pub. Health 

Water Poll. Control Sect., 
of Health, 12816 Lake 

Hopkins, Minn. (Cen 


Thimsen, 
Engr., 
State Dept 
St. Ext 
St) 

Ernest M., Field Engr., Yoe- 

mans Brothers Co., c/o Pat Flana 

gan, 3703 Granada St., Tampa 9, 

Fla. (Fla.) 


Tholl 


homas, C Chief Oper., Sewage 
rt. Pit., Fla. (Fla.) 


Thomas, Clarence A., Oper., Sewage 


Disp., Naval Ordinance Test Sta., 
700 B Knox Rd., China Lake, 
Calif. (Calif.) 

Thomas, W. P., Supvr., Property & 
Facilities, Scintilla Div., Bendix 
Aviation Corp., Sidney, N. Y 
(Pa 

Thomason, M. T., Dist. Engr., U.S 
Geological hy Peachtree & 7th 
Bidg., Atlanta, Ga. (Ga.) 

Thomason, William F., Oper., Trt 
Pit., 2915 St., Eugene, 
Ore. (Pac 

Thompson, W Proj. 
Kenneth P. Norrie & 

(Pac, N.W 

Thomson, Poms N Assoc, San 
Engr., State Dept. of Health, State 
Office Bidg., Albany 1, 

(N.Y) 


390 

jimmons, K. Ross, Town Engr, | 

2 Georgetown, Ont., Can. (Can.) / 

Sims, George F Pumping Engr., 

2 P. O. Box 293, Dublin, Ga. (Ga.) | 

Sims, Mearlin L., see Ohio Apex, Inc 

| Sipe, James W Supt Sewage Trt 

Pit Box 201, Valparaiso, Ind 

Cen. St.) 

Skiba, Edward F.. Supt., Main Sew 

age Trt. Pit Springfield, Mass 

(New Eng.) 

ad Slack Cc Timothy City Enar 

Coatesville, Pa Pa.) 

slacum, Lake R.. Engr., Henkels & fi 

McCoy, 6114 N. 20th St., Phila 

deiphia, Pa, (Pa.) 

a loop, Lawrence, Engr., Sewage Disp — | 

Pit., 130 W. 6th, Newton, Kans 

( Kans.) He 

Smallwood, Charles W., Supt., Sew 

age Pit Charlotte Mich 

Mich.) 

small, Charles J., Supt., Sewer, 107 

is: Main St McSherrystown Pa H 

Pa.) 

smart Supply In 556 S. Sa 

e Pedro St., Los Angeles 13, Calif 

Corp. Calif.) 

x, mith, Allen C., Cons. Engr., 10 

Williams Bidg., 413 Granville St 

Vancouver, B. C Can. (Pa 

N.W,) 

sie Smith, B. E., ¢ ity Engr., 205 City g 

Bidg., Wichita, Ka Kans.) 

Smith 

ewer 

(Pac : 

Smith, C. M.. 3606 Routh St., Dal- 

las, Tex. (Tex.) 

vs Smith, Carl S.. Prod. Mer., Huron i; 

as Milling Co., Box A, Harbor Beach ee 

Smith, Conway Jr Field Engr 

ig Chain Belt Co., 366 Brannan St Coe 

ne San Francisco 7, Calif. (Calif.) 

smith, Donald W., Field Engr., Pacifi 

a Coast Clay Pipe Inst., 444 Dexter | i 

Horton Bldg., Seattle, Wash. (Pac 

N.W.) 

Smith, Henry Sales Engr., Fischer 

& Porter Co., 1621 Central Ave 

Albany, N. ¥ N.Y.) 

ee Smith, J. K Engr., State Dept. of : a 

es Health, 815 Clayton St., Columbia tees, 

Mo, (Mo.) 

i Smith, John I Supt Water Wks os 

Kox Franklin Tenn, (Ky } 

Tenn.) = 

mith, L. H., State Bd. of Health 

State Bd. of Health Bidg., Univer 

sity Campu Minneapolis 14 

Minn. (Cen. St 

"Howston 15, tes. (Tex) 

Houston 15, Tex. (Tex.) 

Smith, William C., City Engr., Fay- 
etteville, Ark. (Ark.) | 

F. Joseph, Sec. of Sewers, 

iy 09 North St. MeSherrystown, Pa | sone 

Pa 

ynyder, Leonard | ee Backflow & 

Equip. Co | 

Soler, Miguel A., P. RK. Aqueduct & 

Sewer Serv., Box 2832, San Juan, 

Sollo, F. W., Chem. & San. Enagr., 

Res. Lab, Swift & Co Union 

Stock Yards, Chicago 9, Ill. (Cen 

St) 

a Soneda, Shinji, Robert A. Taft San dpe 

Eng. Center, 4676 Columbia Pkwy., 

Cin i 26, Ohio (Ohio) | 

Soyster, James | Acting City Engr, 

314 Fifth Ave., Altoona, Pa, (Pa.) 

Sparks, Albert | Asst. Oper., Sew 

age Trt. Pit., 2911 Nutmeg St., 

ES San Diego 4, Calif. (Calif.) Loe 

3 

3 
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Lab., De- 
Valerij, Maint. Engr., Svensk , Varner, Frank S., Supt., Sewage Warner Co., Cedar Hollow 
Grafik- 1019 18th Ave., Ahtoona, Pa. (Pa.)| vault, Pa. (Corp. Pa.) 
vagen 30, Johanneshov, Sweden | Vasey, Harold B., Boro. Mgr., 75 W.| Warnick, Howard W., Come. 
(Sweden) | Louther St., Carlisle, Pa. (Pa.) gee Co Walnu 
Tower, R. E., Sales Engr., Chapman | Vaughn, Don, aug Water & Sewer st , Butler, Pa. (Fa St. & Sew Ri Rs 
| Valve Mig. Co., 400 W. Madison Systems, City Hall, Yates Center, | Warren, W. David, Sept. 
St., Rm. 2311, Chicago 6, Il. ( Kans.) es, ve., as, - 
(Cen, St.) | Vaughn, Francis X., Supvr., Mer (ae. ) Se 
j Towle, Wallace R., Facilities Engr., chandising Sales, Calif. Spray & | Warring, M. A. > ° on 
i General Electric Co., Rm. 200, | Chem Co >», P. O. Box 15353, 1162 N. 3rd St., Woodburn, Ore ‘B 
Bldg. A-2, KAPL, Schenectady, | Oklahoma City, Okla. (Tex.) (Pac. N.W.) 
i N.Y. (N.Y.) | Vermette, Floyd L., San. Engr., Rt. | Warrington, Sam L., 
| Traina, Vincent P., | 4, Baldwin, Pontiac, Mich. (Mich.) | Ea Box 329, 
of Pub. Health, Univ. o Lt. USAF. 42nd 
1429 University Terrace, Ann Ar- | Air | Watson, A. E., Asst. San. Engr., State 
He bor, Mich. (Mich.) Force Base, Limestone, Maine Dept. of Health, 3400 N. Eastern Bise: 
i Co., 226 E. 4th St., Brooklyn ’ er., Port 
N. Y. (N.Y.) Vig), 4 Weatherford, Ed, Mission Twp. Main 
Teovethen, James B, Port Washington, N. Y. (N.Y.) Dr. 
maron, Houston 15, Tex. (tex. Vinas, Manuel, Calle Francia 1555, 
i ‘rt. Pit., Goldendale, Wash. (Pac. | Viox, Herman J., Engr., N. Y. City Oth § , . laa 
N.W.) Dept. of Pub. Wks., 1612 Jefferson 10th 
Troughton, Mary M., Asst. Chem. & Ave., New York 27, Mai oth 
Bact., Sewage Trt. Pit., 719 Nor-| N. ¥. (N.Y.) 
folk St., Tampa, Fla. (Fla.) Voege, Fred A., Chem. Engr., San 
Truax, Supt., Sewage Trt. Eng. Div., Ont. Dept. of Health, Lek 
Wks., Lapeer State Home & Train- 807 Richmond St., W., Toronto,| Webster, Claude D., 
ing School, Lapeer, Mich. (Mich.) Ont., Can, (Can.) 
Tschida, E. A., Supt., Water & Sew- | Vollmer, Carl M., Asst. Engr., Sewage wee c 
age, 5 Ninth Ave., W., Dickinson, Disp.. 2445 Nova Ave., Cincinnati Weeks, aie 
N Dak. (N. Dak.) 38, Ohio (Ohio) 52054 E. Sewells Point Rd., Nor. 
Ibe Tucson, City of, c/o Ray A. Drain, | von Bergen, John M., Airkem, Inc., folk 13. Va. (Va.) A eon ow 
Supt., Sewage Trt Tucson, 241 44th St., New York 17 w & 
¥. (Assee.) » Systems, 4th & Texas Ave., Tex- 
Turner, H. W., E. I. du Pont de | Vorndran, August F., Jr., Water Sup- 
Nemours & Co., Belle, W. Va. ey, Box 376 Weld W.. Oper., Sewege Pit 
(W. Va.) febster, N. eide, Oper., Sewag 
| Turner, J. Arthur, Pres., Tampa | Vosicky, Frank E., Asst. Engr. Al kway St., Palatine, I! 
Armature Wks., Inc., P. O, Box bright & Friel, Inc., 2526 Bond 
1318, Tampa, Fla. (Fla.) Ave., Drexel Hill, Pa. (Pa.) Weldie, A, Fisting Supve., Ree 
Filter Co. & Walker Process | Waack, Henry, Caretaker, Christian 
| Inc, E, 60th & Colorado Bivd., Herald Children’s Home, Box 346,| Weinberg, Robert, Prod. Mar., Con ne 
' Denver, Colo. (Rky. Mtn.) Valley Cottage, N. Y. (N.Y.) sumer-Farmer Milk Co-op., Inc., Arse 
Twomey, Edward F., Cons. Engr., | Wachter, Paul E., Chief Chem., Spen St., Long Island City, 
| Morris Knowles Inc,, 1312 Park cer Chem. Co., Pittsburg, Kans (N.J.) 4 
Ihe Bidg., Pittsburgh 22, Pa. (W. Va.) (Kans.) Walden, Rey ¥. Eng 
Hess Tygert, C. B., Dist. Mgr., Wallace & | Wagner, Victor G., San. Engr., Stat Res., Great Northern Paper Co., ae 
Tiernan Co., Inc., 190 Christopher Td of Health, 1700 N St., Bangor, Maine (New 
St., Montclair, N. J. (N.J.) | St., Ft. Wayne, Ind. (Cen. St.) 
Feank Chem, Southerly | Wahlrs. Frederick, Aut. Sales W sling, Jobe, Maghinite, Mave 
_ 09 ANSINE Mer ts C Co., OOF ring 
if Ave., Cleveland, Ohio (Ohio) York 17, N. ¥ Wks Willow Grove, Pa. (Pa.) 
Tysinger, H. E Oper., Water Wks., (N.Y.) Wells, William T., City Mgr., Waynes- 
Ne Thomasville, N. C. (N.C.) Walker, Edward D., Chief Oper., 570 bore, Va. (Va.) sas 
‘dell, Harold F., San, Engr., State (Calif.) New Cumberland Boro. Auth., 
Conserv Dept 97 Bryan Ave., Walker, George L., N. Y St., New Cumberland 
_ Amityville, N (N.Y.) Dist., Simplex Valve & Meter Co 
Fe ‘ Ulett, G. W., City Engr., P. O. Box 330 W. 42nd St.. Rm. 700, New West, Everal L., Supt., Willow Bend oes 
490, Albany, Ore. (Pac. N.W.) York 36, N. Y. (N.Y.) Util., Ine., = jg Bend ae 
Underwood, Roy T., Civ, Engr., | Wall, Thomas H., Pub. Health Eng.,| Bellaire, Tex. (Tex. 
lb Jennings-Lawrence ¢o., 1392 King | 415 Fourth St., S.E., Rochester Western Supply Co., 820 N St., See 
| Ave., Columbus 12, Ohio (Ohio) | Minn. (Cen. St.) Lincoln, Nebr. (Corp. Nebr.) ty pes 
i} | Wallace, George C., Metcalf & Eddy Whelichel, H. E., Supt., Disp Devt 
eee Vandaveer, R. L., Chem., Allied 1300 Statler Blidg., Boston 16, | Box 94, College Park, Ga. (Ga tig 
| ‘ Analytical & Res. Lab., 3833 Cedar Mass. (Calif.) | Whelpley, Nathaniel, Asst. Pit. Oper., E a 
Springs, Dallas 19, Tex. (Tex.) | wallace, W. A., Sr., Pres., Wallace| 329.N. Main St., Freeport, 
i} Van Der Viiet, Henry, Supt., Joint Equip. Co., Foot W. Adams 5St., (N.Y.) ios 
|. Meeting Rutherford, E. Rutherford Jacksonville, Fila. (Fla.) White, A. O., Jr., Cons. Engr., 1417 e A 
P.O Box 281, Ruther- | Walling, I. W., Dist. Chem. U. C & Bank Bidg. Atlanta 3, Ga 
ord, N. J. (N.J.) Dept. of Interior Water Resources (Ga.) 
Van Dyke, Robert P., Hydr. Engr, | Lab., 2520. Marconi Ave, Sacra-| White. Claude, Jr., Civ 
. I S. Geological Survey, 4505 Mon- | mento 21, Calif. (Calif.) nings-Lawrence Co., 1392 ing ae 
Kansas City, Mo. (Iowa) | wanis 1. E., Supt., Water & Light|  Ave., Columbus 12, Ohio (Ohio) 
rey | Dept., Elberton, Ga. (Ga.) White, Fred C., Salesman, —y 
ace € nc an- | 
Walsh, Robert J., Vice-Pres., D. L. | Maskell, 1808 Oak Hill 
(Pa) Maher Co., St., Cam-| Richmond, Va. (N.J.) 
, . bridge, Mass. (New Eng.) White, Ken R., Cons. Eng., 941 E ae 
Walters, V. F Contractor, 1043 E i7th Ave., Denver, Colo. (Rhy 
Ave., Evanston, Ill. (Cen. St.) | Seattle, Wash. (Pac aud 
Murray Corp. of America, 636 Mei: | Wampler, Ray, Supt. of Water, Nor- Wes. Dept. 
bourn, Dearborn, Mich. (Mich.) | man, Okla, (Okla.) Houston, 
be 
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: Whitels, W. E., Area Supvr., Hercules | Wilson, London, 5213 Carmen St., Wright, Everett E., Dist Mer., A 

i? Powder Co Burlingtor N. J Houston 21, Tex. (Tex.) Castro Valley San. Dist., 20400 Z 

; (N.J.) Wilson, Percy S., Mfr. Rep., 325 Marshall St., Castro Valley, Calif ; 

2 Whitley, Bill, Oper Sewage Trt Washington St., Glen Ridge, N. J Calif.) = 
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PROCESS 


arin: 


Digester Heat Exchanger 


370,000 BTU/hr. HeatX for installa- 
tion at Villa Park, Illinois. Burner auto- 
matically utilizes sewage gas or natural 
gas separately or in combination. A 


pre-ignition purge cycle clears the com- 
bustion chamber of any fuel accumula- 
tion before starting or between fuel 
switch-over. 


FORCED TURBULENT CIRCULATION 
HIGH RATE OF HEAT TRANSFER 


The HeatX is designed to allow 
absolute and independent control over 
each function of sludge heating; namely, 
heating of jacket water, control of tem- 
perature and flow of jacket water and 
control of digester temperature and rate 
of turnover. 

The HeatX is offered as either a 
separate exchanger, for use with existing 
standard boilers or as a package unit 


NO SLUDGE ADHESION 


complete with a Walker Process boiler 
and burner. Boilers are designed to burn 
sewage gas, sewage gas and oil or sewage 
gas and natural gas. 

The concentric tube type exchanger 
is equipped with special removable end 
castings arranged to prevent contamina- 
tion of the heating water by material 
circulated through the sludge tubes. 

Write for Bulletin 24882. 


Engineering and manufacturing a complete line of 


WALHER PROCESS 


water, waste and sewage treatment equment. 


WALKER PROCESS EQUIPMENT INC. 
Factory 


Engineering Offices Loborstories 
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Proceedings of Member Associations 


NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 


ASSOCIATION 
The 1954 Spring Meeting of the 
New York Sewage and Industrial 
Wastes Association was held at the 


Hotel Syracuse, Syracuse, N. Y., on 
June 14-15, 1954 

In addition to an inspection trip to 
the city’s Ley Creek sewage treatment 
plant, technical papers were presented 
as follows 


“The Current Status of the Pollu- 
tion Problem in Onondaga Lake,’’ by 
A. F. Dappert, Executive Secretary, 
N. Y. State Water Pollution Control 
Board, Albany 

‘‘The Treatment of Machine Shop 
and Foundry Wastes,’’ by C. W. 
Hathaway R. E. Harvie, Metal- 


and 


lurgical Dept., Chevrolet Motor Div., 
General Motors Corp., Detroit, Mich. 
County Public Health Engi- 
neer’s Approach to Problems Involv- 
ing Sewerage and Sewage Treatment,’’ 
by M. J. Stankewich, Chief, Bureau of 
Water and Sewage Control, Erie 
County Health Dept., Buffalo. 
‘*Elutriation Difficulties at the Bay 
Park Sewage Treatment Works,’’ by 
Anton E. Sparr, Superintendent, 
Nassau County Bay Park Sewage 
Treatment Plant, East Rockaway. 
‘‘A Review of Methods for the De- 
termination of Cyanides in Sewage,’’ 
by D. F. Krawezyk, Associate Sani- 
tary Chemist, Buffalo Sewer Author. 
ity. 
‘The Development of a Program 
for Abatement of Pollution of Chau- 
(Continued on page 112a) 
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SNOW GATES 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “* Parker- 
ized"’ for protection against rust and corro- 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 
2437 East 24th Street 


for 


Los Angeles 54, Calif. 
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Giant crops of microwopke cigas...rich in vitel food slements... 
grown under the seo to help feed hungry world Scientist toy will come 


100 years from now...WE'LL “FARM" THE SEA 
TO FEED A HUNGRY WORLD! 


Hard to imagine. But in the fabulous world of tomorrow, 
there'll be one familiar note: water and gas will still be 
carried by the dependable, cast iron pipe laid today. Over 

es sixty American cities stil! use cast iron water and gas mains 
a century and more old. And today, U.S. Pipe.. centrifugally 
cast and quality-controlled from mines to blast furnaces to 


finished product...is even tougher, stronger, more durable. 
U.S. Pipe is proud to be one of the leaders in a forward- 


looking industry whose service to the world is measured 
in centuries. 


6. PIPE Ottlee: & 


A whelly Integrated producer trem mines and Bisset furnsces te tintehed pipe. 
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tauqua Lake,’’ by Roland M. Austin, 
Public Health Engineer, Chautauqua 
County, Mayville. 

‘*Construction and Maintenance of 
Industrial Sewers,’’ by Ernest K. 
Smith, Civil Engineer, Eastman Ko- 
dak Co., Rochester. 

‘Water Conservation and Resulting 
| Waste Control Benefits at Electronics 
Park,’’ by W. B. Miller, Air Condi- 
tioning Engineer, General Electric 
Co., Syracuse, and V. DeP. Lukas, 
| Sanitary Engineer, General Electric 
Realty Corp., Schenectady. 

‘‘Waste Disposal Problems in a 
Pharmaceutical Plant,’’ by W. D. 


RUST & Hanlon, Chemical Engineer, Bristol 
Laboratories, Syracuse. 


From acid (rust) ‘‘Description of the Ley Creek Sew- 
condition to alkaline age Treatment Plant,’’ by Uhl T. 
(NON-RUST) condition Mann, Superintendent, Ley Creek 


Sewage Treatment Plant, Syracuse. 


TNEMEC 
PRIMERS 


in one easy step with 


A. J. Fischer, Stamford, Conn., was 
elected as Federation Director repre- 
senting the Association, to serve dur- 
ing 1954~7. 

R. C. Sweeney, 
Executive Secretary 


PENNSYLVANIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 26th Annual Conference of the 
Pennsylvania Sewage and Industrial 
Wastes Association was held at Penn- 
sylvania State University, State Col- 
lege, Pa., on August 25-27, 1954. Some . 


TNEMEC CATALOG 54 | 230 members and guests registered for 
TELLS THE STORY! | th 


A request on your business letter | 
\ heed will bring you this very / 
\ useful Cotolog 54 


meeting 


In addition to a Sewage Operators’ 


Round Table, with a discussion panel 


\ 
\ <— —»> comprising J. J. Fitch, Jr., Reading; 


Mes D. D. Day, Meadville; J. B. Volk, Penn 


— lownship ; A. E. Fricker, Philadelphia ; 
TNEMEC __ and E. R. Harding, Sr., Bloomsburg, 
TEE-NEEMEK ==. an Industrial Wastes Symposium on 


‘Plant Changes to Minimize Pollu- 
tion’’ ineluded papers by Carl J 
Swartz, Chief Chemist, L. F. Grammes 
and Sons Co., Allentown; Clifford W 


(Continued on page 114a) 
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SEWAGE AND INDUSTRIAL WASTES 


AMERICAN Cast Iron Pipe 


For Sewage Treatment Plants 


AMERICAN cast iron pipe has the lasting qualities that enables it to survive 
continued corrosive attack, year after year, and to keep on giving the same 
dependable, economical service as the day it was installed. It is manufactured 
under rigid specifications in diameters 2-inch through 48-inch. This pipe is made 
in specific weights for specific operating conditions. You get the exact pipe 
your conditions require. 


A complete line of standard fittings is available, and our foundry is equipped 
to make “‘specials” to order. The above photograph made in a sewage treatment 
plant in Cleveland, Ohio, illustrates the wide range of our foundry service on 
pipe and fittings. 


In addition to complete foundry facilities, AMERICAN extends the services 
of its experienced engineering organization for assistance in preparing piping 
plans and taking off lists of material. 


- GOLDEN ANNIVERSARY - 1955. 
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A 20 ft. dia. Spiragester 
ST. PARIS, OHIO 


Lakeside Engineering Corporation 
222 West Adams St., Chicago 6, Ill. 


SEWAGE AND INDUSTRIAL WASTES 


SPIRAGESTERS 
are IDEAL for: 


Population equivalents 
of 5500 or less, whether 
for schools, hospitals, 
resorts, certain trade 
wastes, small communi- 
ties or subdivisions. 


A visit to one of the 
many Spiragester instal- 
lations will reveal a lack 
of odors and unsightli- 
ness. 


Write for Bulletin 135 


Watson, Jr., Sanitary Engineer, Dairy- 
men’s League Cooperative Assn., New 
York, N. Y.; and Bruee W. Dickerson, 
Sanitary Engineer, 
Co., Wilmington, Del 

Air diffusion experiences with Saran 
Stanley E 
Kappe, Kappe & Associates, Washing- 
ton, D. C., and Miles Lamb, Chicago 
Pump Co., Chicago, HL; 
with ceramic tubes were discussed by 
Krank C, Roe, BSr., 
The Carborundum Co., 
Amboy N. J 


Other papers were presented as fol 


Hercules Powder 


tubes were discussed by 


experiences 


Refractories Divi- 
Perth 


sion, 


lows: 


Acceptability of Industrial Wastes 
into Public Sanitary Sewer Systems 
from the Operator’s Viewpoint,’’ by 
A. A. Estrada, Vice-President. Albright 
& Friel, Ine., Philadelphia; George A. 


Elias, Pennsylvania Department of 
Health; and Gordon J. Wiest, Tech- 
nical Director, Warner Co., Phila- 
delphia 


‘‘Plant Maintenance Experiences,’’ 
by Frank S. Varner, Superintendent, 
sureau of Sewage Disposal, Altoona, 
King H. Hendrickson, Superin- 
tendent, Sewage Treatment Plant, 
Beaver Falls. 

‘‘Full-Seale Dual Disposal Effect on 
Treatment,’’ by Morris M. 
Cohn, Editor, Wastes Engineering, 
New York, N. Y. 

‘*Tlome 


nomics, shy 


and 


Sewage 


Garbage Grinding  Eeo- 
by R. Rupert Kountz, Pro- 
fessor of Sanitary Engineering, Penn- 
sylvania State University, State Col- 
lege 

‘Administrative Control of Stream 
Pollution,’’ by C. W. Klassen, Chief 
Sanitary Engineer, State Dept. of Pub- 
lie Health, Springfield, D1. 

‘Operational Digester Problems,’ 
by John Yenchko, Pennsylvania Dept 
of Health, Wilkes-Barre. 


Officers were elected as follows: 
President: G. J. Weist, Jenkintown. 
(Continued on page 116a) 
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CONCRETE PIPE 
es You Strong, Durabl 


Leading sanitary engineers specify concrete 

pipe for sewers because it offers: 

1. GREAT STRENGTH to sustain heavy overbur- 
dens, to resist severe impact and to with- 
stand the wearing action of tough climatic 
or unusual soil conditions. 

2. MAXIMUM CAPACITY due to its smooth inte- 
rior finish and clean, even joints. 

3. MINIMUM INFILTRATION AND LEAKAGE result- 
ing from its uniformly dense structure and 
tight joints. 

4. UNUSUAL DURABILITY that enables it to give 
long years of heavy-duty service. 

5. ECONOMY. Moderate first cost plus little or 
no maintenance expense divided by long 
years of service equal /Jow annual cost, 
the real measure of pipe line economy. 


AMERICAN CONCRETE PIPE ASSOCIATION 


228 NORTH LA SALLE STREET, CHICAGO 1}, ILLINOIS 
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SEWAGE 


POSITION VACANT 


Sup’t. Sewage Disposal, Camden, N. J. 


#650 to $750 mo Charge oper. 54 
mgd. plain sed. plant, vae. filtr., 
incin.; 4-m.g.d. plain sed., high-rate 
aer, plant; district and main sewage 
pumping stations; and intercep. sew 
ers. Approx. 40 to 55 yrs. of age, 
good phys. cond. Must have several 
years exper. oper. comparable plant; 


management of oper. foree; N. J. 


oper. lie Grade A, or experience 


elsewhere clearly entitling such license. 


College graduate preferred. Send full 


statement of training, experience, and 


ivailability to Havens & Emerson, 233 


Broadway, New York 7, N. Y 


Ist Vice-President: L. L. 
toona 
nd Vice-President: G. A. Elias, Phila 
delphia 
Secretary-Treasurer: B. 
Wilkes-Barre. 
Bernarp 8S. 
Secretary-Treasurer 


Gwinn, Al. 


Bush, 


NORTH DAKOTA WATER 
AND SEWAGE WORKS 


CONFERENCE 
The 26th Annual Convention of the 
North Dakota Water and Sewage 


Works Conference was held September 

22-24 1954 at the Dacotah Hotel, 

Grand Forks, N. Dak. A total of 123 

persons registered, including 17 ladies. 
Papers presented included the fol- 

lowing 

by F. W. 


‘**Power Transmission, 


Stuve, North Dakota Agricultural Col- 
lege, Fargo 
‘*Safety,’’ by Paul Drew, Safety 


Department, Workmen’s Compensa- 


tion Bureau 


AND INDUSTRIAL 


WASTES 


Schedules for Plant 
by E. A. Tschida, Wa- 
ter Works Superintendent, Dickinson. 

‘Public Improvements,’’ by George 
J. Toman, Consulting Engineer, Man- 
dan. 


** Lubrication 
Maintenance, 


The Federation’s Arthur Sidney 
Bedell Award was presented to John 
Kleven. 

Officers elected to serve during 1954— 
5 were as follows: 


President: P. Hays, Minot. 
Vice-President; E. Ostlie, Grand Forks. 
Secretary-Treasurer: J. H. Svore, Bis- 
marek, 
JEROME H. Svorg, 
Secretary-Treasurer 


SOUTH DAKOTA WATER AND 
SEWAGE WORKS 


CONFERENCE 
The 20th Annual Meeting of the 
South Dakota Water and Sewage 


Works Conference was held in Mitchell, 
S. Dak., September 28-30, 1954. The 
total 112, plus 22 
ladies. 

Papers of interest to wastes treat- 
ment personnel were as follows: 


registration was 


‘*Maintenance of Sewage Collection 
System,’’ by F. S. Dixon, Municipal 
Equipment Co., Hopkins, Minn. 

‘*Mitchell Sewage Treatment Plant,’’ 
by Marvin Heck, City Engineer, 
Mitchell 

‘*Lagoon Performance,’’ by Marvin 
Allum, Biologist, Division of Sanitary 
Engineering, South Dakota State Board 
of Health 


Inspection trips were made to the 
new Mitchell water treatment plant, 
the sewage treatment works, and the 
Geo. A. Hormel Packing Co. 

At the business meeting, a program 
of voluntary certification of South Da 
kota water and sewage works opera 
Officers elected for 
5 were as follows: 


tors was adopted 


1954 


Continued on page 118a) 
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SEWAGE AND INDUSTRIAL WASTES 


’ A frank appraisal of certain 
“new developments’ 
in accelerated sludge digestion 


As responsible members of the wastes engi- 
neering profession, we feel it is time to set the 
record straight regarding recently made 
claims for accelerated sludge digestion. 

A manufacturer has claimed spectacular 
results from experiments with a new sludge 
digestion process. On the basis of publicized 
tests conducted at Columbus, Ohio, he claims 
the process triples the rate of digestion and 
thereby reduces the required digester capacity 
in any one plant. The manufacturer's recent 
advertisements contain this statement: 

“The (process) applied to one 70’ tank at 

the Columbus plant digested 3.38 times the 

quantity of sludge solids digested in a 

similar tank in parallel operation not using 

the process.” 


The claims are contradicted—This statement 
is a misrepresentation of the facts, as indicated 
by another report of the actual test program 
in a paper presented by this manufacturer's 
representative at the Missouri Water and Sew- 
age Works Conference on September 27, 1954: 
“During the 10-month test period, about 
20% of the total plant sludge was directed 
to the digester using the new process, while 
the remaining 80% was directed to 14 
other units. The tank using the new process 
was operating at a loading rate of about 
3.35 times the loading rate of the con 
ventional digesters.” 
Since no attempt was made to increase the 
load in any other tank under similar condi 
tions, it was not a parallel operation and 
there is no legitimate basis for comparison 
It is merely the comparison of one tank fed 
at a high rate with other tanks being fed 
what is left of the available solids. There is 
no reason to believe that the conventional 
digesters might not have operated at this same 
increased loading. 


Misleading claims can delay important 
projects—This misrepresentation of the facts, 
and the claims that any plant need be provided 
with only one-third of the digestion capacity 


The second in a series of PFT policy 
statements regarding sludge digestion 
criteria and practices. 


PORT CHEGTER N ¥.+GAN MATEO 


normally recommended by State Boards of 
Health do not take into consideration the 
various factors of the individual designs which 
might include the method of disposal of the 
digested sludge, the necessity of sludge stor 

age and of securing separation of digester 
liquor. That these claims may be upsetting 
to the entire industry is pointed out by the 
experience of one prominent consulting en 

gineer. Upon submitting a report for neces 

sary additions to an existing plant, the en 

gineer was challenged by city officials who 
had heard the above claims and concluded 
that the existing digestion capacity was more 
than adequate. The project was delayed for. 
more than a year until this consulting engineer 
finally found it necessary to justify the need 
for additional digestion capacity by actual 
plant demonstrations. 

Sewage treatment processes of theoretical 
value cannot be applied indiscriminately to 
any and all plants. A competent engineer 
knows that every plant is different in terms 
of wastes to be treated, facilities, budget 
limitations and personnel. It is the consulting 
engineer's job to study these conditions and 
design the most efficient and practical plant 
for that community 


This is our policy—-PFT will continue to advo 
cate the use of established design criteria for 
digestion capacity as formulated by consulting 
engineers and State Boards of Health. We feel 
that these criteria are developed to take into 
consideration practical plant operating pro 
cedures and future requirements. 


PFT works constantly for progress—|’!'| 
has contributed many advanced methods 
and controls for improving the sludge diges 
tion process—the PFT Floating Cover, the 
PFT External Heater, the PFT Supernatant 
Liquor Controls, and the PFT Pearth Gas Re 
circulation System, among others. 

But PFT never has and never will claim 
operational features for its equipment on the 
basis of inadequate or inconclusive tests 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, IIlinois 


*CHARLOTTE 


+ OENVER 
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President: S 


Vice 


President: © 


Aberdeen. 
Clark, Mitchell. 
Secretary-Treasurer: C. E. Carl, Pierre 
Cuarues Cart, 
Secretary-Treasurer 


CANADIAN INSTITUTE ON 
SEWAGE AND SANITATION 


he 21 st 
Canadian 


Annual Convention of the 
Institute Sewage and 
Sanitation was held Windsor 
Hotel, Montreal, Que., r 25 
1954 A new 


record 
set by the registration 


on 
at the 
on Octobe 
attendance 


was of 501 
members and guests plus 140 ladies 
the technical 


sented were the following: 


** Safety 


Among papers pre- 
in Sewer 
Trenches,’’ a guided discussion led by 
G. H. Baker, North York 


Township, Ont 


Requirements 
Engineer, 


‘Liquid Raw Sludge as Fertilizer,’’ 
by W. M. Veitch, Consulting Engineer, 
London, Ont 

‘Dewatering of Digested Sludge by 
’’ by N. 8. Bubbis, General 
Manager, Greater Winnipeg Sanitary 
District 
‘*Mechanical Drying for Fertilizer,’’ 

R. K. Kilborn, Consulting Engi- 
neer, Toronto, Ont. 

‘*Incineration of Sludge,’’ by L. B 
Allan, Commissioner of Works, Metro- 
politan Toronto, Ont. 


Lagooning 
Winnipeg, Man. 


by 


‘*Stream Pollution—A National 
Problem,’’ by Douglas A Shand, 


Chairman, Publie Service Commission, 
Pointe-Claire, P. Q. 
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Surer Gland Lubrication 
5 for Centrifugal Pumps 


THE Z-F GREASE SEAL 


liminates that trouble spot where shaft enters cas- 


ig. Applies constant positive lubrication to pack- 
ig and shaft—automatically. Excessive heat, rapid 
ear, leakage and scoring will disappear as the 
syrease Seal supplies a constant flow of lubrication 
hen pump starts until it stops—automatically, 
lany other advantages, too. Write for complete 


escription and price 


Zimmer and Francescon, Moline, III. 


‘*Refuse Collection and Street Clean- 
ing,’’ A guided discussion led by L. 
L’Allier, Montreal, P. Q. 

“Incineration of Refuse,’’ by A. J. 
Deslauriers, City Engineer, Lachine, 
P. 

‘* Sanitary 
Richards, 
Ont. 

‘Digestion of Refuse for Land Sup- 
plement,’’ by A. E. Berry, Ontario 
Department of Health, Toronto, Ont. 

‘Disposal of Refuse on the Prem- 
ises,’’ by R. J. Desmarais, City Engi- 
neer, Windsor, Ont. 

‘*Can the Costs of Sewage Works Be 
Reduced?’’ a guided discussion led by 
L. B. Allan, Toronto, Ont. 

‘*British Practice in the Control of 
Industrial Wastes,’’ by G. T. G. Scott, 
Consulting Engineer, Toronto, Ont. 

‘*Instrumentation of Sewage Treat- 
ment Works,’’ by J. F. MacLaren, 
Consulting Engineer, Toronto, Ont. 


Land Fill,’’ by G. H. 
City Engineer, Brantford, 


‘‘Lagooning as a Sewage Treatment 
Process,’’ by J. G. Schaeffer, Director, 
Division of Sanitation, Province of 
Saskatchewan, Regina, Sask. 

‘‘Sewage Treatment Plant Super- 
vision,’’ by L. F. Robertson, Engineer 
ing Assistant in Charge of Sewage Dis- 
posal, London, Ont. 


At the business meeting, the Insti- 
tute’s constitution was amended to 
raise the dues from $4 to $7 to estab- 
lish a full-time Assistant Secretary to 
administer both the Institute and the 

(Continued on page 120a) 
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SEWAGE AND INDUSTRIAL WASTES 


TYPICAL INSTALLATION DIAGRAM 


Plan with ec 
Symbols of Safety 


FOR GAS CONTROL THROUGHOUT YOUR 
SEWAGE TREATMENT PLANT 


THE VAPOR RECOVERY SYSTEMS COMPANY 
COMPTON, CALIFORNIA, U. 5. A. 


119a 


“VAREC’ Pressur, 
Relief and Vacuum 
Breaker Volve with 
Flame Arrester — Fig. 
5800C — Relieves ex- 
cess pressures and 
vacuum in digesters 
and protects vessels 
from outside fires. 


“VAREC” Explosion 
Relief Valve —Fig. 70 
— Relieves sudden 
surges in pressure 
from explosion or mo- 
mentary plant fluctua- 
tions. 


Flome Trap 


Assembly — Fig. 450 — 
Prevents flame propo- 
gation in piping. 


“VAREC” Waste Gos 
Burner — Fig. 236, 237 
or 238 — Efficiently 
burns all excess gas. 


“VAREC” Flame Check 
— Fig. 51A or 52A — 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure 
lief and Flame Trap 
Assembly — Fig. 440 — 
Permits excess pres 
sure to be wasted 
through gas burner 
and prevents flame 


flashback from burner. 


“VAREC” Pressure Re- 
ducing Regulator — 
Fig. 187 —Con 
trols pressure of gas 
going to utilization 
equipment. 


“VAREC” Check Valve 
—Fig. 211 of 211A— 
Controls direction of 
gas flow. 


“VAREC” Manometer 
— Fig. 215, 215A, 216 
or 216A — Indicates 
system pressures. 


“VAREC” Drip Trap 
Fig. 245 or 248. 


“VAREC’ Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 
drained and from 
moisture. 


+10 Available from Authorized Sewage Equipment Agents throughout U.$. and Canada. 
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Section, AWWA. Officers 


were elected as follows: 


Canadian 


President: N. 8. Bubbis, Winnipeg. 
Vice-President: C. G. R. Armstrong, 
Windsor, Ont 
Secretary-Treasurer: A. KB. Berry, To 
ronto 
A. E. Berry, 


Secretary-Treasurer 


WEST VIRGINIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 8th Annual Meeting of the 
West Virginia Sewage and Industrial 
Wastes Association was held at the 
Prichard Hotel, Huntington, W. Va., 
on November 9-10, 1954, with part of 


the program being participated in 
jointly with the West Virginia Sec- 
tion, AWWA. There was a record 


registration of 245, in 
cluding ladies, for both organizations, 
with 191 registering for the Associa- 
tion meeting 

Among the _ technical 
were the 


all-time high 


papers 
following: 


pre- 
sented 


‘*Koppers New Dephenolizing Plant 
at Follansbee, W. Va.,”’ by H. A. 
K jellman, Engineering Sec 
tion, Tar Products Div., Koppers Co., 
Ine., Pittsburgh, Pa 

‘‘Resume of Waste Treatment by 
Carbide (B.O.D. Determination on 
Pure Chemicals),’’ by E. J. Mills, Jr., 
and V. T. Stack, Jr., Carbide and 
Carbon Chemicals Co., 8. Charleston, 
W. Va 

‘Notes on Industrial Wastes Trick- 
ling Filters,’’ by Harry W. Pitts, Jr., 
and Louis A. Tueci, Sanitary Engi- 
neers, Organic Chemical Div., Ameri- 


Process 


ean Cyanamid Co., Bound Brook, 
N. J. 

“*Sewage—The Municipal Prob- 
lem,’’ by a panel comprising repre 


sentatives of industry, municipalities, 
regulatory bodies, legal counsel, and 
financing interests, 


SEWAGE AND INDUSTRIAL WASTES 


‘‘Coal Washery Wastes,’’ a sym- 
posium by L. Gillenwater, Assistant 
Engineer, West Virginia State Water 
Commission; H. F. Hebley, Research 
Consultant, Pittsburgh Consolidated 
Coal Co., Pittsburgh, Pa.; and E. H. 
Greenwald, General Manager, Boone 
County Coal Corp., Sharples. 

‘‘Sewer Jointing Materials,’’ by 
G. O. Fortney, Engineer, Div. of Sani- 
tary Engineering, West Virginia De- 
partment of Health. 


The following officers were elected 
for the ensuing year: 


President: O. C. 
Charleston. 

Ist Vice-President: T. K. Bruce, Blue- 
field 


Thompson, South 


2nd Vice-President: J. W. Lester, 
Charleston. 
FSIWA Director: H. K. Gidley, 


Charleston. 
Secretary-Treasurer: G. O. 
Charleston 


Fortney, 


The Arthur Sidney Bedell Award 
was presented to Professor Henry 
Withers Speiden, of West Virginia 


University. 
GLEN Fortney, 
Secretary-Treasurer 


SOUTH CAROLINA WATER 
AND SEWAGE WORKS 
ASSOCIATION 


On September 30, 1954, the South 


Carolina Water and Sewage Works 
Association held its 1954 Annual 
Meeting at Heise’s Pond near Co- 


lumbia, 8S. C., in conjunction with a 

barbecue dinner. 
Officers elected to 

1954—5 were as follows: 


serve during 


President: J. D. Spence, Greenville. 

Vice-President: J. D. Leslie, Fort Mill. 

Secretary-Treasurer: T. A. Kolb, Co- 
lumbia. 


T. A. Kors, 
Secretary-Treasurer 
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BSEWAGE AND INDUSTRIAL WASTES 


how much does it cost... | 


to have Safest 
CHLORINATION? 


Nothing—when you buy a Fischer & Porter 

Chlorinator. That's true because fool-proof safcty 

features are already engineered into this modern, 
instrument-type chlorinator. 


The F&P Chlorinator is instrument engineered 
from top to bottom to be absolutely safe in any 
emergency—and the safety features respond in- 
stantly. The mechanical design—without hy- 
draulic devices to introduce time lag—make this 
a certainty. 
In the F&P Chlorinator you can take a hammer and shatter 
the flowmeter tube—and the chlorinator shuts down instantly. 
In the F&P Chlorinator you can pull the flow 
setting needle valve right out of its socket—and the 
chlorinator shuts down instantly. 
In the F&P Chlorinator you can shut off the ejector water 
supply while leaving the chlorine on—and the chlorinator shuts 
down instantly. 
In the F&P Chlorinator a simple series of hand manipulations 
tests each safety component—or shows the reason for 
malfunctioning should it ever occur 
These safety advantages are yours in the Fischer & Porter 
Chlorinator. They cost you not one penny more at the outset, since 
the F&P Chlorinator is lower in first cost. They avoid constant costs 
of repeated safety tests and checks. They assure you against high 
costs of repairs and maintenance. We don’t put our safety 
devices under a bell jar—they are right out in the open 
where you can see and touch them. 
These engineered features—instrument-type 
engineering—make the F&P Chlorinator the safest 
ever built. And you get all these safety features 
plus ease of operation, dependability proven in over 
600 operating units, complete corrosion resistance— 
everything you should have in a chlorinator— 
and you get them for even less cost in the 
initial jd oma Write today for full information, 
details on free trial offer, and absolute 
guarantee of satisfaction. 


comfplele process 
Fischer & PORTER CO. 


1135 Fischer Road, Hatboro, Penna. 


ULLY MANUFACTURING CHLORINE CONTROL EQUIPMENT 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 127a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS 8S. FRIEL 
Consulting Engineers 
WATER, SEWAGE AND INDUSTRIAL 

WASTE PROBLEM 
AIRFIELD REFUSE INCINERATORS 
INDUSTRIAL BULLDINGS 
CITY PLANNING VALUATIONS 
REPORT LABORATORY 


Suite 1509-18 
121 S. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 

Charlies B. Burdick 

Donald H, Maxwell 


Louis R. Howson 


Water Works 
Fiood Kelletf 


Disposal 


Water Purification 

Sewerage Sewage 

Drainage, Appraisals, 
lower Generation 


Civie Opera Bullding Chicago 


}} 
ANDERS@N-NICHOLS 


Consulting Engineers 


Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Co tion and Disposal, Drain 
age, Highwa and Bridge 


Concord, N. H Reston 14 Baltimore, Md 


JOHN J. BAFFA 


Consulting Engineer 


Sewerage & Sewage Treatment 
Industr 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N.Y. 


al Wastes Treatment 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 


Municipal Engineers firport Design Sewage Disposal 

Water Works Demgn and “Uperation Surveys 

and Mape—City Plannin Highway Dengn —Conatruc 
tion Surveys l’ipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: iackson, Miss. Harrishurg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 


Sewer Systems Sewage Treatment 
Industrial Waste Treatment 


Investigations 


O. Box 67 Crystal Lake, Iilinois 


BLACK & VEATCH 


Consulting Engineers 


SEWAGE - WATER - 


ELectricitty - INbUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway 


Kansas City 2, Missouri 


W.H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Iodustrial Water 
Analysis Design 


Investigations 


Gillingham & Worth Sts. 


Operation 


Philadelphia 24, Pa. 


BOGERT AND CHILDS 
Consulting Engineers 


L. Boorrt 8. CHILDS 


Ivan L. Booert Donato M. DitMars 
Roweat A. Lixcotn CHARLES A, MANGANAKO 
WILLIAM MARTIN 
Water & Sewage Works Refuse Disposal 
Drainage Flood Control 

Highways and Bridges Airflelds 


624 Madison Ave., New York 22, N. Y¥. 


Take advantage of the services 


of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


BOWE, ALBERTSON & ASSOCIATES BROWN AND BLAUVEIT 


Engineers Consulting Engineers 
Sewerage Sewage Treatment Water Supply ! 
Water Supply — Purification Highways 
Sewage Disposal Plants Industrial Buildings 
lodustrial Wastes Problems Railroads 


110 William Street New York 7, N. Y. 465 Fourth Avenue 


Airport. 
Sewer Systems 


New York 16, N. ¥. 


BROWN AND CALDWELL BUCK, SEIFERT AND JOST 
CIVIL AND CHEMICAL ENGINEERS Consulting Engineers 
FORMERLY NICHOLAS HILL ASSOCIATES 


WATER - SEWAGE. (NOUSTRIAL WASTE Specializing in Sewerage and Sewage 
SONSULTATION - DESIGN - OPERATION Water Supply and Water Puriiieation 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES Valuations and Keporta 

Chemical aod Hiological Laboratories 
66 MINT STREET 


SAN FRANCISCO 3 112 Kast 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 


Established 1908 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


Kansas City 2, Mo. Cleveland 14, Ohio 
2015 W. Fifth Ave. Columbus 12, Ohio P.O. Box 7088 1404 B. 9h St. 


CAMP, DRESSER and McK EE 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 

Water Works and Water Treatment 
Sewerave and Sewage Treatment SEWAGE SYSTEMS WATER WORKS 
Municipal and Lodustrial Wastes Designs and Surveys Roads and Streets 
Investigations and Heports Plannin 
Design and Supervision a 
Research and Development 

‘lood Control 


Airports 
Hridges 

Executive Offices 

DILLABURG, PENNSYLVANIA 


Dams 


6 Beacon St. Boston 5, Mass. 


THE CHESTER ENGINEERS CHAS. W. COLE & SON 


Engineers ~ Architects 
Water Supply and Purification 
Sewage and [Industrial Waste Treatment Municipal Industrial 
Power Plants Incineration-Gas Systems Commercial 
Valuations Rates—-Management 
Laboratory -City Planning 220 W. LaSalle St., South Bend, Ind. 
210 E. Park Way, Pittsburgh 12, Pensa. Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES Your firm should be 

Water Supply —Sewerage—Flood Con- 

trol & Drainage—Bridges—Ornamen- 

tal Street Lighting-——Paving—Light 

and Power Plants. Appraisals 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 


351 East Ohio St. Chicago 11, Il, treatinent 


It pays to secure competent and experienced engineering advice! 


4 
1230 
ts 
| 
4 
3 
q 
in 
$ 
Le 
2 
d 
4 
\ 
3 
Ex), 


124a 


BEWAGE AND INDUSTRIAL WASTES 


Damon & Foster 
Consulting Ctotl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply 
Surveys, Land Subdivision, City and Town 
Pla ng, Meport Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H, DECHANT 


ENGINEER 


Water Work Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, ( 

Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St 


jas Plants 


DE LEUW, CATHER & COMPANY 


vr ppl sewerage 
Kaliroad Highways 


Grade eparation jridges——Subways 
Local ‘Transportation 
t ation Reports Appraisals 
md ipervision of Construction 
1n0 North Wacker Drive Chicago 6 


Colorado Bidg Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal Y the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 


Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 


JouN AYER W. Horne 
Bion A. L. HyYLanp 
CARROLL A. FARWELL Paank L. LINCOLN 


Howarp J. WILLIAMS 


Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 


Airports—Bridges—Turnpikes 
Port and Terminal Works—Industrial Bldgs 
BOSTON NEW YORK 


FINKBEINER, PETTIS & STROUT 


CaaLeron 8. Finkneiner E. Perris 
K. Srrout 


Consulting Engineers 


He ta, Designs, Supervision 
Water Wat l'reatment, Sewerage 
sewage | tment, Waste lreatment 
\ tions & Appraisa 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 


Structural - Civil - Sanitary 


Four Generations Since 1867 
Water il Sowe tructures; 
Drati Foundations 
Ine tri Waste Disposal 
Investigati Keports; Plans and 
Specifications; Supervision 


816 Howard Avenue New Orleans 12, La 


Your firm should be 
listed here 
the most complete Directory 
available of consultants specializing in 
ewage and industrial wastes treat- 


ment 


EDWARD A. FULTON 


Consalting Engineers 


Investigati Valuations, De 

1 Constr Water Supply and 
iant eweruue ind Sew 
y freatment Wort Municipal Paving 
nd Power Developments; Dams and 
1 Cont 


3209 Brown Road Saint Louis 14, Missoeri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
ork ewage, Industrial Wastes & Gar 
Disp Higt tridges & Airports, Traffic & 

Parking— Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 

phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Dama, Water W 
1) 


lage way 


Take advantage of the services 


of these outstanding consultants! 


= Chairman of the Boa Frederic R. Harris Inc. rope 

She, 

a 
— 
Re 

‘ 4 
{ 


SEWAGE AND INDUSTRIAL WASTES 125a 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York 607 Washington St. Washington 
Houston READING, PA. Philadelphia 


Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 

Industrial Wastes Disposal 

Design, Construction and Supervision 

of Operation 


1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 


Samuel A. Greeley Paul Hansen (19201044 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Fiood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden 
tify your firm with the specialized 
sewage and industrial wastes field and 


will afford maximum prestige! 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water —Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens A. Emerson 
A. A. Burger F. C. Tolies Fr. W. Jones 
H. H. Moseley J.W. Avery F. 8. Palocsay 
S&S. Ordway 
Consulting Engineers 
Water, Sewerace, Garpace, INpUSTRIAL 
Wastes, VALUATIONS LABORATORIES 


Leader Bidg. Woolworth Bldg. 
Cleveland New York 7, N. 


HAZEN AND SAWYER 
ENGINEERS 
Ricnanp Hazen Aurnep W. Sawrven 
Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 Fast 42nd Street New York 17, N. Y. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treetment, Reports, Flood Control, Apprai 
Drainage 


Standard Oil Bidg. Omaha Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. Hoaner BE. 
Airports Hydraulic Engineering 
Sewerage and Sewage Treatment 
Water Supply Municipal Engineering 
Reports 


Shell Bullding, St. Louls 3, Missourt 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water 8 ipply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings 
TROY, N. Y. FT. LAUDERDALE, FLA 


OF 
cL £& c. KE EDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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GLACE AND GLACE 
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MORRIS KNOWLES Ine. 
Engineers 

Water Supply and lurification, Sewer 

age and Sewage Disposal, Valuations, 


Laboratory, City Planning 


i412 Park Bidg Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports 
Designs and Appraisals 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 
Industrial Building 


3142 Wilshire Bivd., Los Angeles 5, Calif. 


Wm. S. Lozier Co. 


Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 

fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 


Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Bullding 
Hoston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. ¥. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structures Power Transportation 


51 Broadway New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 


Process Development, Surveys G Design 


Provident Bank Bidg., Cincinnati 2, Ohio 


WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Treatment, Public Bulldings, Streets 
Power Pianta, Electrical Distribution 


Keportse and Appraisals 


One Eleven Corcoran St. Bidg. Durham, M. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Maicoim Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Maicoim Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


West 43rd Street New York N. Y. 


LEE T. PURCELL 
. Consulting Engineer 
Water Supply & Purification; Sewerage & Sew 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological! 
Analyses 


369 EB. 149th Se. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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RIPPLE AND HOWE 
Consulting Engineers 
0. J. B. V. Hower 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833-35 Twenty-Third St. Denver 5, Colorade 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Alrport 
St. Louls 2, Me. Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 


Municipal Public Works & 
Utilities 


Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage—- Waterworks 
Drainage —Flood Control 
Electric Power Airports 


Hershey Bullding 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage— Waste Disposal 
Bridges — Highways—Industrial Buildings 
Studies——-Surveys—Reporta 


209 S. High St. Columbus 15, Oblo 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Rad. Freeport, N.Y. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Warkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures 
251 East High Street Lexington, Kentucky 


tranch Office 


901 Hoffman Bullding Loulsville, Kentucky 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


WESTCOTT & MAPES, Inc. 
Engineers 


VALUATIONS—S8TU DIES—-REPORTS 
DESIGN—SUPERVISION 
Industrial Waste Problems 
Utilities —Industrial Plantes 

Commercial Buildings—Institutions 
Public Works 


New Haven, Connecticut 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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WERE IS A PARTIAL LIST OF MATERIALS 
USES IM WAT CHLORIMATORS. 


“Pyrex” Glass 
Pistinum 


3 Siiver 
Monei 
Tungsten 
Tantalum 


“Hastelloy 
“Kovar” 


‘Isolanti other Ceramics 
is el ¥ Fiberglass 


"Make Your Piret Choice 


Zonipment 


Teflon 
Hard Rubber 
“Saran Rubber” 


glass is used 


Plasticized Veryis 
“Lucite 
~Plexighas” 


How well chlorination equipment does its job 
depends not only on proper di:sign but on the selection of the 
right material for each part of the assembly. 


In W&T equipment, every part is employed where it best 
suits the purpose for which it iii intended. And every part gives 
good service because it is made of the right material for te 

ob, Glass, metals, ceramics, and miiny types of plastics are 
used throughout Wallace & Ti¢trnan’s complete line of chlorim- 
ators — and each is selected fur its ability to give you the most 
satisfactory operation under yur plant conditions. 


Since 1913, W&T research has consistently sought out new 
designs, principles and materials. Every new development is 
placed under rigid field tests to prove: it can meet the exacting 
standards that dependable anid economical chlorination de- 
mands. 


When you depend on W&T equipment, you have the assur- 
ance that 40 years of experience in the chiorination field is 
being used to bring you the best in design, parts, and materials 
~~ selected and tested specifically to fit the need. 
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/) WALLACE & TIERNAN INCORPORATED 


25 MAIN STRERT, @ELLEVILLE ©, NEW JERGEY 
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